XllKJET CXDLOR INK 



FIEXD OF THE JXtvmpptraa 



«.e present invention an inkjet .eoordln, t»k ^vln, 
excellent imago pceservabllii^. 
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BftCKGROmn) OF THE IKVENTICM 



m *ollo«in, the ,p«ad »f =<»^t«:., 

InlOt ^ ^^^^^ ^ ^ 

eil«s. Cloth., .t=. i. not only o«i«. 
15 Th. i^3.t ..oo^ ^ ^ ^ ^^^^ 

. h, . P±.x..lect^o ol««. ^ ^^^^ 

• ~a= o* ,««,atin, 1.^1,. ^ ^ ^ ^ 
0-VPleta, > ^ ^ »Ztr.«nlo «^ o£ 

«ohin, ™. di.<W9in, d^i^t. el«,t«..tatio ,oro« ». 
20 In* c«po.ltion. ,o. ™* i^jat xeoo^,, ,^ 
tx-i.ink.,. or .Olid ,^t t^) in*. ^ ^ ^ 

a^ona in*. th. nnin onr^nt ,r«. th. .t««*»int. of 
—nnfaotn^, h«,dlin9, M.11, .afety, eto. 

»ith «.p.ct to coloxin,, naent. that «. n,«l i„ th... 
25 inklet .^r^ ^ ^^ts that th., have 



high s lubility i4i solvent; that they can undergo high-density 
recording; that they have good hu ; that they hav exc=ellent 
fastness to light, heat, air, water, and chemicals; that they 
have good fixation to an i«age receiving material and hardly 
5 canse bleeding; that they have excellent preservabilitg^ an 
iiA; that they have no toxicitgr; that they have high purity; 
and that they can be cheaply obtained. However, it is 
extremely difficult to seek coloring agents that can «eet 
these requirements at high levels. Though various ink^et <^es 
10 and pigments have already been proposed and actually used, it 
is the present state that coloring agents that can „eet all 
Of the regnire»ents have not yet been discovered. According 
to the conventionally well Icnown c^yes and pig».ents to which 
color index (C.I.) „u»^,. ^ assigned, it is diffieult to 
15 reconcile hue and fastness required for inkjet recording inks . 
Also, recently, technological develop»^t on ink^et printers 
targeting photographic is«ge quality is eagerly carried out. 
For the sake of satisfactorily printing portraits, there have 
been developed kinds of ^chines sK,unted with a dark yellow 
20 ink co«^rising a yellow ink :»ixed with a pigment having 
absorption in a cyan or magenta region, in addition to 
conventional ones mounted with a yellow ink <for example, a 
fiM-9S0C printer of Seiko Epson Corporation) . 

»he present inventors proceeded with development of 
25 i«k5et inks using dyes. However, it has been noted that there 
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is a problem such that a dark yellow ink having excellent 
durabilll^ to ozone is hardly obtained. 

AS background arts, there are JP-A^2002-060664, 
JP^A-2002-105366, JP^A-2002 ^105367, JB~A-2002-105358, 
5 JP-A-2002-138224 and the like. 
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A problem that the invention is to solve is to provide 
an inkSet dark yellow ink eapable of giving an image that is 
excellent in i«age preservability even when e^osed to 
high-concentration ozone. 

The problem of the invention has been attained by the dark 
15 yellow inkjet ink set forth in the following items (1, to (5) . 
(1) An inkjet color ink co»«>rising at least one yellow dye 
leaving a (maxima absorption wavelength) of from 390 nm 

t:o 470 and an CI (Amar^.70 nm) /I (Amax) ] ratio of an absorbance 
l<Amax+70 nm, at W*70 nm to an abso^ance i(A»ax, at Amax 
20 Of not more than 0 . 4 and at least one dye having a of longer 

than 470 nm and not longer than 750 nm dissolved and/or 
dispersed in an aqueous medium, wherein when the ink is printed 
on a reflection medium so as to form a stepwise pattern, whose 
reflection spectrum is measured by a spectrophotometer, a 
25 point giving a reflection spectrum such that a densi^ 



(D.) at an aaximim abso^tion wavelength in a yellow region 
(390 nm to 470 nm) becomes from 0.90 to l.lQ is selected, the 
other ^ density at an «axi»™„ absoxption wavelength in a 
region o£ longer than 470 n« and not longer than 750 n« is 
5 defined as D,, the printed material is discolored by force 
using an ozone discoloration tester c^ie of always 
generating 5 ^ of ozone, and a forced discoloration rate 
constant determined from a time when each of the reflection 
densities D3 and p, becomes 80 % of the initial density is 
10 defined, any of the rate constants are not more than 5.0 x lO^* 

(2) The inlciet color inX set forth in the item (1, , therein 
the y^low has a W Of from 390 nm to 470 nm and an 

II(Ama..70 nm,/i(A„a.,3 xatio of an ^sorbance I(Wc.70 nm, 

15 at %aaae4^70 am to an absoxbance T t%^^\ 1 

<>»»ox»ance I (/max) at Amax of not more than 

0.2. 

(3) The infcjet color inJc set forth in the item (1, or (2, , 
Wherein any of the yellow dye and the <^e having a ;W of 
longer than 470 am and not longer than 750 nm have an oxidation 

20 potential nobler than 1.0 V (vs SCE) . 

(4) The inxiet color ink set forth in any one of the items 
(1) to (3, , wherein the yellow dye is a co^nnd represented 

by the following formula (1) . 
Fonanla (1) 
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In the formula. An and Bu each independently represents 
an optionally siabstituted heterocyclic gro«p. 
5 (5) The inkjet color ink set forth in any one of the items 
(1) to (4) , wherein at least one dye having a Imax of longer 
than 470 na and not longer than 750 nm is a conqpound represented 
by the following fozamla (2) . 
Fommla (2) 

A2»-f-N-N-fB4j;;-N=N'-Cai 

In the fommla, b^, and C^x each independently 

represents an optionally substituted aromatic group or 
15 heteroc^ic group; and m and n each represents an integer of 
0 or more. 



DETAILED DESGRIPTIQh OF THE ZMVENO^ICai 
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The invention will be hereunder described in detail. 

First of all, as the 4ye that is used in the invention, 
dyes having an oxidation potential nobler than 1.0 V (vs SCE) 
are preferable, <^es having an oxidation potential nobler than 
25 1.1 V (vs SCE) are more preferable, and dyes having an 
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oxidation potential nobler than 1.2 V (vs SCE) are especially 
preferable from the stan<^ints of fastness and fastness to 
ozone gas . With respect to the Icind of efere, azo dyes that meet 
the foregoing requirements of physical properties are 
5 especially preferable. 

The i>acidation potential value (Eox) can be easily 
measured by those skilled in the art. This method is described 
in, for exaaple, Delahay, Nevf Instrrnaental Methods in 
Electrochemzstzy, published by Interscienoe Publishers 
10 (1954) , A.J. Bard, et al. , ElecfcrocheaLLCal Methods, published 
by John Willey Sons (19B0) , and Akira Pujishiiaa, et al., 
iJenfeUragrakn SoJcnto±-bo (Electrochemical Measurement Methods) , 
published by Gihodo Si^pan (1984) . 

Concretely, the oxidation potential is measured by 
15 dissolving from 1 x lO^ to 1 x 10-« moles/1, of a test san«>le 
in a solvent (such as di»ethylformamid« and acetonitrile) 
containing a supporting electrolyte (such as sodium 
perohlorate and tetrapropylaamonium perchlorate) and 
Obtaining a value against SCB (saturated calomel electrode) 
20 using cyclic voltammetry or direct current polarography. 
Though this value may possibly be displaced by approximately 
several tens millivolts due to influences by liquid junction 
potential, liquid resistance of a saii5>le solution, etc., it 
is possible to guarantee reproducibility of the potential by 
25 charging a standard saii«>le (such as hydroquinone) . 
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Ineidentaliy, for the sake of wiivocally defining the 
potential, in the invention, a valu (vs SCB) aeaaured in 
«iiaethyl£or»aaide (dye concentration: 0.001 aoles/dn') 
containing 0.1 «oles/da' of tetrapropyla»noni«m perchlorate 
S a3 a supporting electrolyte using direct current polarography 
is defined as an oxidation potential of the <jtye. 

qaie Eox value r^esents easiness of movement of an 
electron from the saiaple to the electrode, when this value 
is large (the oxidation potential is noble) , the electron 
10 hardly moves from the saaqple to the electrode, in another word, 
the saaqple is hardly oxidized. m relationship with the 
compound structure, when an electron withdrawing group is 
introduced, the oxidation potential heco«ies nobler, whereas 
when an electron providing g^oup is introduced, the oxidation 
15 potential becomes baser, m the invention, for the saXe of 
decreasing reactivitgr with ozone as an electrophilic agent, 
it is desired to introduce an electron withdrawing g«,«p i„to 
the yellow dye skeleton to make the oxidation potential 



n^ler. 
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Also, it is preferable that the yellow ^ that is used 
in the invention has good fastness and good hue , and especially, 
it is preferable that in the absorption spectrum, a tail in 
the long wavelength side is sharp. For achieving this, the 
yellow dye preferably has a W of from 390 «m to 470 nm and 
25 an U(A«ax+70 nm)/l(Xmax)I ratio of an absoxi>ance I (A«ax+70 
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xm) at Aaax+70 nm to an absorbance I (Xmax) at Xmax of not more 
than 0.2, more pr fexably not noxe tlian 0.12, and still store 
preferably not more than 0.1. 

As the 43re that neeta snch oxidation potential and 
5 absorption characteristics , ones represented by the following 
f omnia (1) are preferable. 
goaoBaila (1) 



Aii-N=»-Bxi 
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In the formula. An and Bu each independently represents 
an optionally substituted heterocyclic group. As the 
heterocyclic ring, heterocyclic rings constituted of a 
S-^aenbered ring or a 6-«e«bered ring are preferable. The 
15 heterocyclic ring may be of a monocyelic structure or a 
polycydic structure in which two or more rings are fused, and 
".ay be an aromatic heterocyclic ring or a non^aromatic 
heterocyclic ring. As the hetero atom constituting the 
heterocyclic ring, N, o and S atoms are preferable. 
20 in the foregoing formula (1), as the heterocyclic ring 

represented by A^x, S^T^asolone, pyrazole, triazole, 
oxazolone, isoxazolone, baifbituric acid, pyridone, pyridine, 
rhodanine, pyraeolinedione, pyrazolopyridone, Mfeldrum's acid, 
and fused heterocyclic rings in lAich a hydrocarf>on aromatic 
25 ring or a heterocyclic ring is further fused with such a 
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Heterocyclic riag. Above all, S-pyxazolone, S-aninopyrazole, 
pyridone, 2, S-dianinopyrAdiae, and pyrazoloazolea axe 
preferable; and Bwaaiaqpyrazole, 2-hydroxy-pyxidone, and 
pyraxolotrlazole are espeoially prefexable. 
5 Exaii«>les of the heterocyclic xing represented by Bn 

incliide pyridine, pyraxiae, pyriaidine, pyridaxiae, triazine, 
quinoline, isoqniaoline, qainazoline, cianoline, phthalazine, 
quiaoxaline, pyrrole, indole, fnran, benaofuran, thiophene, 
benzothiophene, pyrazole, imidazole, benzoSaidazole, 
10 triazole, oacazole, isoxazole, beazoxazole, thiazole, 
benzothiazole, isothiazole, benzoisothiazole , thiadiazole, 
beazoisoxazole, pyrrolidine, pipexidiae, pipexaziae, 
iaidazoliae, aad thiazoliae. Above all, pyridine, quinoline, 
thiophene, benzothipphene, pyxazole, imidazole, 

15 benzoixiidazole, triazole, oxazole, isoxazole, benzoxazolo, 
thiazole, benzothiazole, isothiazole, beazoisothiazole, 
thiadiazole, aad benzoisoxazole are preferable; quinoline, 
thiophene, pyrazole, thiazole, benzoxazole, benzoisoxazole, 
isothiazole, imidazole, benzothiazole, and thiadiazole axe 
20 more pxeferable; and pyxazole, benzothiazole, benzoxazole, 
imidazole, 1,2, 4 -thiadiazole, and 1 , 3 , 4-thiadiazole are 
especially preferable. 

Examples of snbstituents that can be substituted on 
and iaolnde a halogen atom, an alkyl group, a cydoalkyl 
groi^, an aralkyl group, an alfceayl gxot5>, an alkynyl group. 



25 
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an aryl group, a hetercx^clxc group, a cyano group, a hydxaxyl 
groi^, a nxtro group, an alkoa^ grotqe>, an aryloa^ group, a 
silylosgr group, a beterocyeaie oxy group, an acyloxy group, 
a caid>amoyloac3r grovp, an aUcoxycairbonyloxy group, an arylo^- 
csarlponyloxy group, an antlno group, an acylamino group, an 
aoiinocaxbonylaitiino grot^, an alkoaqroax^jonylaaino grot^, an 
aryloaqroarbonylamino groiq>, a sulfamoylajBlno group, an 
aUqrlsul^onylamxno grot^, an arylsulfonylamino group, a 
mercapto groi^, an alkylthio group, an aryltliio group, a 
beterocyelic thio group, an allcylsuXfinyl group, an aryl- 
sulfinyl group, an alkyXsulfonyl grot^, an arylsulfonyl group, 
an acyl group, an aryloxycarbonyl grot^, an alkoatycarbonyl 
groi^, a carbamoyl group, an imido group, a phospbino group, 
a phospbinyl group, a plxosphinyloacy group, a phosphinylamino 
group, and a siXyl group. 

In Uie case where tbe dye of the formuXa (1) is used as 
a water-soluble dye, it is preferable that the dye has at least 
one ionically hydraphilic group in the molecule, Examples of 
the ionically hydrophilic group include a sulfo group, a 
carboxyl group, a phosphono group, and a <iuatemary ammonium 
group. AS the ionically hydrophilic group, a carboxyl group, 
a phosphono groi^, and a sulfo group are preferable; and a 
cariaoxyl group and a sulfo group are especially preferable. 
The carboxyl group, the phosphono group, and the sulfo groi^ 
laay be in the state of a salt. Exaa^les of counter ions for 
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forming a salt include an ammonium ion, an alkali metal ion 
(such as a lithium ion, a sodium ion, and a potassium ion) , 
and an organic cation (such as a tetramethylaamonium ion, a 
tetramethylguanidium ion, and a tetramethylphosphonium ion) . 
Of these counter ions, aUcali metal salts are preferable. 

Of the c^s represented by the foimuia (1) , dyes of the 
formulae (12), (13) and (14) are preferable. 

Formula (12) 

R2 

In the formula (12) , Rl and R3 each r^resents a hydrogen 
at*ai, a cyano groi^, an alfcyl g«,up, a cycloalkyl group, an 
aralkyl group, an alkoxy group, an alJcylthio group, an 
arylthio group, an aryl group, cr an ionieally hydrophilie 
group; R2 represents a hydrogen atom, an alkyl group, a 
cydoalkyl group, an aralkyl group, a carbamoyl group, an acyl 
grot^, an aryl group, ox a heterocyclic group; and R4 
represents a heterocyclic group. 
Formula (13) 



RS ,N=N— R6 



Ix. 



2c-2b 
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la the formula (13) , R5 represent:s a hydrogen atom, a 
oyano group, an alkyl group, a cycXoalkyl group, an aralkyl 
group, an aUcoxy group, an alJcylthio group, an arylthio group, 
an aryl group, or an ioaically hydrpphilic group; za 
represents -N=, -ism-, or ^C(R11)=; Zb and Za each 
ijid^pendently represents -H= or -C(Bai)=,- Rii represents a 
hydrogen atom or a non-metallie substituent; andR6 represents 
a heterocyclic group. 

Formula (14) 

R7 




5 in the formula (14), R7 and R9 each independently 

represents a hydrogen atom, a oyano group, an aUcyl group, a 
cyoloalJcyl groiip, an aralkyl group, an aryl group, an 
alJcylthio group, an arylthio group, an alkojtycaxbonyl group, 
a carbamoyl group, or an ionically hydrophilic group; »8 

0 represents a hydrogen atom, a halogen atom, an alkyl group, 
an alkoacy group, an aryl group, an arylory group, a oyano group, 
an aeylamino group, a sulfonylamino group, an alkoacy earbonyl- 
amino group, a ureido group, an alkylthio group, an arylthio 
group, an alkoatyearbonyl group, a caaOwunoyl group, a sulfamoyl 

> grotjp, a sulfonyl group, an acyl group, an alkylamino group. 
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an azylamino gxovp, a hydroxyl group, or an xonically 
hydrophilic gxo«p; and KLO xepresents a heterocyclic group. 

In the foregoing f oaottulae (12) , (13) and (14) , the alkyl 
group represented by Rl, R2, R3, R5, r7, R8, and R9 includes 
a substituted alkyl group and an unsubstituted alkyl group. 
AS the alkyl group, alkyl groups having from 1 to 20 ca^n 
atoms are preferable. ExaiiQ>les of substituents include a 
hydroxyl group, an alkoxy group, a cyano group, a halogen atom, 
and an ionieally hydrophilic group- Exanples of the alkyl 
group include methyl, ethyl, butyl, isoprcpyl, t-butyl, 
hydroxyethyl, methoacyethyl , qyanoethyl, trifluoromethyl, 
3-sulfopropyl, and 4-sulf obut^l . 

The cycloalkyl group represented by Rl , R2, r3, rs, 
RS, and R9 includes a substituted cycloalkyl group and an 
unsubstituted cycloalkyl grot^. As the cycloalkyl group, 
cycloalkyl groups having from 5 to 12 carbon atoms are 
preferable. Sxas^les of substituents include an ionieally 
hydrophilic group. Exaa^Hes of the cycloalkyl group include 
cydohesEyl. The aralkyl group represented by Rl, R2, R3, R5, 
R7, R8, and R9 includes a substituted aralkyl group and an 
unsubstituted aralkyl group. As the aralkyl group, aralkyl 
groins having from 7 to 20 carbon atoms are preferable. 
Exan5>les of substituents include an ionieally hydrophilic 
gro,^. Examples of the arallqrl group include benzyl and 
2-7henethyl . 
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The aryl gxovp represented by Rl, R2, R3, R5, R7, and R9 
includes a substituted aryX group and an unsubstituted aryl 
gro^p. As tbe aryl group, aryl groups having from 6 to 20 
carbon atoms are prefeirable. Eacanples of substxtuents include 
an alkyl group, an allcoxy grot^, a halogen atom, an alkylamino 
group, and an ionioally hydrophilio group. Exaii«>les of the 
aryl group include phenyl, p-tolyl, p-methoxyphenyl , 
o-dhlorpphenyl, and m- (3-sulfopropylaiaino) phenyl . 

The alkylthio grot^ represented by Rl, R2, R3, R5, r7, 
R8, and Rd includes a substituted all^lthio garoup and an 
unsubstituted alkylthio group. As the alltylthio group, 
alkylthio groins having from 1 to 20 carbon atoms are 
preferable. Exanples of substitaents include an ionically 
hydrophilio group. E3taii5>les of the alkylthio group include 
aethylthio and ethylthio. The axylthio group represented by 
Rl, R2, R3, R5, R7, R8, and R9 includes a substituted axylthio 
group and an unsubstituted arylthio group. As the arylthio 
group, arylthio groins having from 6 to 20 carbon atoms are 
preferable. Eacainples of substituents include an alkyl group 
and an ionically hydrophilio group. Exaa^les of the arylthio 
grovqp include pheiqrlthio and p-tolyl thio. 

The heteropyclic groi:^ represented by R2 is preferably 
a S-nembered or 6-iiieinbered heterocyclic g^ov^, which may 
further be fused. As the hetero atom constituting the 
heterocyclic ring, N, S, and O are preferable. Also, the 
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heterocyclic ring may be an aromatic heterocyclic ring or a 
non-aromatic heterocyclic ring. The heterocyclic ring nay 
further be substituted. Bxanples of substituents include the 
same substituents as those of the aryl group described later. 
Preferable examples of the heterocyclic ring include a 
e^meafljered nitrogen-containing aromatio heterocyclic ring; 
and ©specially preferable examples include triazine, 
pyrimidine, and phthalazine. 

Eaeamples of the halogen atom r^resented by R8 include 
a fluorine atom, a chlorine atom, and a bromine atom. The 
alkoacy groiq» represented by Rl, R3, R5, and R8 includes a 
substituted allcoxy group and an unsubstituted alkoxy group. 
As the alkoxy group, alkoaty groups having from 1 to 20 carbon . 
atoms are preferable. Examples of substituents include a 
hydroxy! group and an ionically hydrophilic group. Examples 
of the alkoxy group include methoxy, ethoxy, isopropoxy, 
methoxyethoxy, hydroxyethoxy, and a-carboxypropoaty. 

The aryloxy groi^ represented by R8 includes a 
substituted aryloxy group and an unsubstituted aryloxy group. 
As the aryloxy group, aryloxy groups having from 6 to 20 carbon 
atoms are preferable, Examples of substituents include an 
alkoxy group and an ionically hydrophilic grt>up. Examples of 
the aryloxy group include phenoxy, prmethoxyphenoxy, and 
o-methoxyphenoxy. The acylamino grot^ represented by R8 
includes a substituted acylamino groi^ and an unsubstituted 
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acylamino group. As tbe acylamino group, acylamino g^vps 
having from 2 to 20 carbon atoms are preferable. Exan^les of 
substitueats include an ionically hydrophilio group. 
Bxanpleo of the acylamino group acetamide, prppionanide , 
benzanide, and 3 , 5-disulf obenzaiBide . 

The sulf onylamiao group represented by R8 includes a 
substituted sulfonylamino group and an unsubatituted 
sulfonylamino group. As the sulf onylaaino grot^, 

sulfonylanino groins having from 1 to 20 carbon atoms are 
preferable. E«ffl5>les of the sulfonylamino group include 
methylsulfonylamino and ethylsulf onylamino . •The alfcoxy- 
carboaylamino group represented by R8 includes a substituted 
alkoacycaaajonylamino group and an unsubstituted alkoxy^ 
carfsonylamino groiq?. As the alkoxycaibonylamino groi^, 
alfcoxycarf>onylamino groups Having from 2 to 20 caibon atoms 
are preferable . Examples of substituents include an ionically 
hydrophilic group. E«iii5)le8 of the alkorycarbonylamino groi^ 
include ethoxycaidbonylaaino . 

The ureido group represented by R8 includes a substituted 
ureidogroiq* and an unsubstituted ureido group. As the ureido 
group, ureido groups having from 1 to 20 cai^n atoms are 
preferable. Bxainples of substituents include an alfcyl group 
and an aryl group. Examples of the ureido group include 
3-methyluxeido, 3 , 3-dimethylureido , and 3-phenylureido . 

The alkozycarbonyl group represented by 117, R8, and R9 
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includes a sQbst;ituted allcoxycarbonYl groi^ and an 
unsubstituted alkoaqrcaz^nyl group. As the aXkoxycaxbonyl 
gxonp, allcoaqroajdx>ttyl gxoups having from 2 to 20 carbon atoms 
are preferable. Eacanples of stibstituents include an ionically 
hydrpphilic group. Exan^ies of the alkozycazbonyl group 
include methoxyoazbonyl and ethoj^eaz^nyl . 

The carbamoyl group represented by r2, R7, H8, and R9 
includes a substituted carbamoyl group and an unsubstituted 
carbamoyl groi^. Exantples of substxtuents include an aUq^l 
group. Exanples of the carbamoyl group include a methyl- 
oaaa>amoyl gjoovp and a dimethyleaxbam«>yl group . The sulf amoyl 
group represented by R8 includes a substituted sulfamoyl group 
and an unsubstituted sulfamoyl group. Eraa^les of 

substituents include an alkyl group. Exaa^les of the 
sulfamoyl group iaol,ide a dimethylsulfamoyl group and a 
di- (2--hydroxyethyl) sulfamoyl group . 

Sxanqples of the sulf onyl group r^resented by R8 include 
methanesulfonyl and phenylsulf onyl . The acyl group 
represented by R2 and R8 includes a substituted acyl group and 
an unsubstituted acyl group. As the acyl group, acyl groups 
having from 1 to 20 carbon atoms are preferable. Examples of 
substituents include an ionically hydxophilic group. 
Bxaaaples of the acyl group include acetyl and benzoyl . 

The amino groi^ represented by R8 includes a substituted 
amino group and an unsubstituted amino group. Bxan^Hes of 
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stibstituents include an allcyl group, an aryl group, and a 
heterocyclic group. Bxaiaples of the amino group include 
methylamino, dietbylaaino, anilino, and 2-eihloroanilino. 

The heterocyclic group represented hy R4 , R6, and RlO is 
the same as the optionally substituted heterocyclic grovp 
represented by of the formula (1) and preferred examples, 
more preferred eaeain£>les, and especially preferred exan^les 
thereof are also the sane as those described previousiy. 
Eacaaplos of substituenta include an ionically hydrophilic 
group, an allcyl group having from 1 to 12 caidion atoms, an aryl 
gxoixp, an alkylthio group, an arylthio group, a halogen atom, 
a cyano group, a sulfamoyl group, a sulfonamino group, a 
carbamoyl group, and an acylamino group. She allcyl group and 
aryl groirp may further be substituted. 
In the foregoing formula (13) , Za represents ~N=, -NH-, 
or -C(R11)=; zb and Zc each independently r^re3en1:s -N= or 
-C (Rll)=; and Rll represents a hydrogen atom or a non-metallic 
substitnaeat. As the non~«etallic substituent represented by 
Rll, a cyano groiq>, a cycloalkyl group, an aralkyl group, an 
aryl groi^, an alkylthio group, an arylthio group, and an 
ionically hydrophilic groi^ are preferable. Each of the 
foregoing substituents is synonymous with each of the 
substituents represented by Rl, and preferred examples 
thereof are also the same. Bxan^les of the skeleton of a 
heterocyclic ring constituted of the two 5-membered rings 
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included in the foregoing formula (13) are given below 



IX IX 

^Oh ~^i(^m 
W W,' 

In the case where each of the substituents described 
previonaXy may further be substituted, examples of 
substitttents include substituents that nay be substituted on 
the heterocycslic rings andBn of the foregoing formula (1) . 

In the case where the <^e represented bsr the formula (12) , 
(13) or (14) is used as the water-soluble dye, it is preferable 
that the dye bas at. least one ionically hydrpphilic group i!n 
the molecule. Examples include dyes represented by the 
formulae (12) to (14) wherein Rl, R2, R3, r5, R7, and R9 

each represents an ionically hydrpphilic group and dyes 
represented by the formulae (12) to (14) wherein each of Rl 
to Rll further has an ionically hydrophilic group as a 
substituent. Examples of the ionically hydrophilic group 
include a sulfo group, a «5arf>oxyl group, a phosphono group, 
and a quaternary ammonium group. As the ionically hydrophilic 
group, a carboxyl group, a phosphono group, and a sulfo group 
are preferable; and a carboxyl gro^p and a sulfo group are 
especially preferable. The carboxyl group, the phosphono 
group, and the sulfo group may be in the state of a salt. 
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Exaii5>les of counter ions for forming a salt include an anmonium 
ion, an alkali metal ion (such as a lithivan ion, a sodium ion, 
and a potassium ion) , and an organic cation (such as a 
tetramethylammonium ion, a tetramethylguanidium ion, and a 

5 tetramethylpHosphonium ion) . Of these counter ions, alkali 
metal salts are preferable. 

Of the foregoing formulae (12), (13) and (14), the 
formula (12) is preferable; and <3^es represented by the 
following formula (12-1) are especially preferable. 

0 Formula (12-1) 

I Jri s-^v 

in the formula (12-1) , and R^' each represents a 

hydrogen at:om, an alkyl g„up, a cycloalkyl g«,up, an aralkyl 
group, an alkoxy group, or an aryl group, represents an 

aryl group or a heterocyclic group. One of X and Y represents 
a nitrogen atom, and the other represents -CR^-. r« represents 
a hydrogen atom, a halogen atom, a cyano gro^p, an alkyl group, 
an alkylthio group, an alkylsulfonyl group, an alkylsulf inyl 
group, an alfcyloxycarbonyl group, a carbamoyl group, an alkoxy 
group, an aryl group, an arylthio group, an arylsulfonyl group, 
an arylsulfinyl group, an aryloxy group, ox an acylaaino group. 
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Tbese respect:! ve grroups may further be subsiiituted. 

As described above, th yellow dtye of the invention has 
a characteristic that A and B in the nolecnle are both 
heterooardic groins; with snch a structure, the broadening of 
the absorption spectrum is prevented, a favorable color hue 
as well as a sharp absorption as a dye is achieved, and further 
is imparted with a high ozone resistance due to the elimination 
of dissociable proton that is vulnerable to oxidation and 
multi-bonding positions together with the shift of oacidation 
potential to noble direction with the introduction of an 
electron withdrawing group into the entire molecular 
structure. 

specific examples of preferable dsres that are used ±n the 
invention will be given below, but it should not be construed 
that the dye to be used in the invention is limited to these 
specific examples. These compounds can be synthesized by 
^referring to JP-A-2-24191, JP-A-2001-27914S, and Japanese 
Patent Application No. 2002-124832. 
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t-C^H. N=N-('' 1 
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The Inkjet daxk yellow ink of the invention preferably 
contain, from 0.2 to 20 % by veight, and more preferably from 
0.5 to 15 % by weight of the foregoing yellow azo dye. 

For the sake of attaining a dark yellow hue, the dark 
5 yellow ink of the invention is «sed upon mixing a dye having 
absorption in a long wavelength region in addition to the 
yellow dye. 

The <fye having a Amax of longer than 470 n« and not longer 
than 750 n« (blaok <%re) aooording to the invention will be 
10 hereunder described in detail. 

in the inkjet recording ink of the invention, it i, 
preferable to use a dye (l) having a W of longer than 470 
nm and not longer than 750 nm, and preferably from 500 n« to 
700 nm and having a half band width CWC,,,, of lOO nm or more 
15 (preferably from 120 nm to 500 nm, and more preferably from 
120 nm to 350 nm) in the absorption spectrum of a diluted 
solution standardized at an absorbaaoe of l.O as the blac=k dye. 

in the invention, the ink is prepared by mixing one or 
two or more of the black dyes together with the yellow dye and 
dissolving and/or dispersing the mixture in an aqueous medium, 
in order to meet the performance preferable as the inkjet 
recording ink, i.e., (i, weather resistance is excellent, 
and/or (2) color balance after discoloration is not destroyed,' 
an ink that is satisfied with the following requirements is 
25 prepared. 
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First of all, the ink is printed on a r^lectio« 
so as to form a stepwise pattern (stepviso densiiy) , whose 
reflection speetmm is nieasured by a spectrophotometer, a 
point giving a reflection spectrma sich that the W in a 
yellow region becomes a point of from 0 . 90 to 1 . 10 is seleot^l, 
the X«ax density in ti»e yellow region is defined as (D^) , the 
other Wc density present in a region of longer than 470 n« 
and not longer than 750 nm is defined as if^ , the printed 
material is discolored by force losing an o.one discoloration 
tester capable of always generating 5 ppm of o.one, and a 
forced discoloration rate constant (Ic) determined from a time 
<t) when each of the reflection densities and becomes 80 % 

Of the initial densil^ is determined from the relational 

eqoation, 0.8 = e:q>(-k-t) . 

In the invention, the ink is prepared such that the rate 

constant (k) is not more than S . 0 x lo'^ Ihour-J , preferably 

not more than 3. 0 X 10- fhonr-J , and more preferably not more 

than 1.0 X 10~* [honr'^] . 

Next, among the dyes represented by the formala (2) , ones 
especially corresponding to the dye (L) will be hereunder 
described in de1:ail. 

Xn the formula (2) , A:^, 8^, and C,, each independently 
represents an optionally substituted aromatic group or an 
9Ptionally substituted heterocyclic group (A,, and are each 
a monovalent group, and B^, is a divalent group) ; m is 1 or 2; 
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and n represen-bs an integer of 0 or more, 

Above all, compounds wherein m and n are each 1 or 2 are 
preferable. At that time, it is preferable that at least two 
of Aai, Bai, and C21 are an optionally substituted, unsaturated 
5 heterocyclic group. Especially, the case where m and n are 
each 1, and at least Baa and Caj are an unsaturated hetero«syclic 
group, is preferable; 

It is especially preferable that the azo dye represented 
by the formula (2) is a ^e represented by the following 
10 formula (2--1) . 

Fornmla (2-1) 
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in the formula (2-l) , and B^j are synonymous with those 
in the formula (2) . Bi and Ba each represents =CRi- or -CR^, 
or one of them represents a nitrogen atom, and the other 
r^resents s=CRi- or -CUgs. 

G, Ri, and each independently represents a hydrogen 
atom, a halogen atom, aa aliphatic groT»p, an aromatic gxoup, 
a heterocyclic group, a cyano gxoup, a carboxyl group, a 
carbamoyl group, an alkoxycarbonyl group, an aryloxycaxbonyl 
group, a heterocyclic oxycarbonyl group, an acsyl group, a 
25 hydro^l group, an alkoxy group, an aryloxy group, a 
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h^teroqyolie oacy group, a silyloxy groiip, an acyloay group, 
a caztoamoyloacy group, an allcoxycarbonyloacy group, an aryl- 
oxycarf>onylo3cy group , an amino group (including an aXfcylamino 
group, an arylaaino group, and a Heterocyclic amino group) , 
an aeylamino group, a ureido group, a sulfaaoylamino group, 
an alkoxyearbonyZamino grot5>, an aryloa^caxbonylamino group, 
an aZkylsulfonylamino group; an arylsnlfonylaaino group, a 
heterocyclic sulfonylaaino group, a nitro group, an alkylthio 
group, an arylthio group, a heterocyclic thio group, an alkyl- 
sulfonyl group, an axylsulfonyl groiq>, a heterocyclic 
sulfonyl group, an alkylsulfinyl group, an arylsulfinyl group, 
a heterocyclic sulfiayl gxoup, a sulfainoyl group, or a sulfo 
group. These respective substituents niay further be 
Substituted . 

Rs and S« each independently represents a hydrogen atom, 
an aliphatic groi^, an aromatic group, a heterocyclic group, 
an acyl group, an alfcojQrcarbonyl gro«p, an aryloxycarbonyl 
group, a caiaiamoyl group, an alkylsulfonyl grot«>, an aryl- 
sulfonyl group, or a sulfaaoyl group. These respective 
substituents may further be substituted. However, and 
cannot represent a hydrogen atom at the same time. 

Also, Ri and R5, or Rs and Rg nay be taken together to foim 
a S-membered or 6-meiidbered ring. 

It is preferable that the azo c^e represented by the 
formula (2^1) is a «^ represented by the following foxmula 
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<2-2) . 

Fonanla <2-21 




In the foxmula (2-2) , and Ra are synonyaous with in 
tbe foxmula. (2-1) . 

10 Examples of th^ halogen ai:om include a fluoxine atom, a 

chlorine atom, and a bromine atom. The aliphatic group means 
an aUcyl group, a substituted alkyl group, an alkenyl group, 
a substituted allcenyl gro«p, an alkynyl group, a substituted 
aikynyl group, an arallcjrl group, or a substituted aralkyl 
15 group. The aXiphatic group may be branched or may form a ring . 
The aliphatic group preferably has from 1 to 20 carbon atoms, 
and more preferably from 1 to 16 carbon atoms . -me alkyl moieigr 
of the aralkyl groxq? and the substituted aralkyl group is 
preferably phenyl or naphthyl, and especially preferably 
phenyl. Exas^les of the aliphatic group include methyl, ethyl, 
butyl, isopropyl, t-butyl, bydroxyethyl , methoxyethyl, 
pyanoethyl, trif luoromethyl , 3-sulfopropyl, 4-sulfobutyl, a 
pydohexyl group, a benayl group, a 2-phenethyl group, a vinyl 
gz-oup, and an allyl group. 
25 The monovalent aromatic group means an aryl group or a 
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substituted axyl group. The aryl group is preferably phenyl 
or n^hthyl , and especially preferably phenyl . Vh monovalent 
aromatic group preferably has from 6 to 20 carbon atoms, and 
more preferably from 6 to 16 cai^n atoms. Eaeaa«>les of the 
monovalent aromatic group include phenyl, p-tolyl, 
p-methoxyphenyl, Orchlorqphenyl , and m- O-snlf opropyl- 
amino) phenyl. The divalent aromatic groi^ means one in which 
the foregoing monovalent aromatic group is converted so as to 
have a valency of two, and exaii^les thereof include phenylene, 
p-tolylene, p-methoa^yphenylene, o-chlor<>phenylene, 

m-(3-sulfopropylamittO)phenylene, and naphthylene. 

The heterocyclic ring includes a substituted 
heterocyclic ring and an unsubstituted heterocyclic ring, "rhe 
heterocyclic ring may be fused with an aliphatic ring, an 
aromatic ring, or other heterocyclic ring. As the 
heterocydio ring, S-meatered or 6-meidbered heterocyclic 
rings are preferable. Examples of the hetero atom of the 
heterocyclic ring include N, O, and S. Exaa5>les of 
substituents include an aliphatic grorp, a halogen atom, an 
alfcylsulfonyl group, an arylsulfonyl group, an acyl group, an 
acylamino group, a sulfamoyl group, a carbamoyl group, and an 
ionicalXy hydxeiphilic group. Examples of the heterocyclic 
ring used in the monovalent and divalent heterocyclic groups 
include pyridine, thi«^hene, thiazole, benzothiazole, 
benzoxazole, and furan rings. 
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The carbamoyl groi^ xnolvdes a substituted carbamoyl 
group and an unsubstituted carbamoyl group. ExampX^s o£ 
substitaonts include an alkyl group. Bxempl&s of the 
carbamoyl group include a methylcarbamoyl grov^ and a 
dime thylca rbamoyl group. 

The alJcoacycarbonyl group includes a substituted 
alfcoxycarbonyl group and an unsubstituted alkoxycarbonyl 
group. As the alkoxycarbonyl groTq?, alkoxycarbonyl groups 
having from 2 to 20 carbon atoms are preferable. Examples of 
substituents include an ionically hydrophilic group. 
Bxaii5»les of the alkoxycarbonyl group include a methoxy- 
carlJ^nyl gro^ and an ethoar^carbonyl group. 

Ihe aryloxycarbonyl group includes a substituted 
aryloxyearbonyl group and an unsiibstituted aryloxycarbonyl 
group. As the aryloxycarboiqrl group, aryloxycarbonyl groups 
having from 7 to 20 carbon atoms are preferable. Exan«>les of 
substituents include an ionically hydrpphilie grot^,. 
Bxaa^les of the aryloxyoarfbonyl group include a phenoxy- 
carbonyl group. 

The heterocyolic oxycaadaoayl group includes a 
substituted heterocyclic oxycarbonyl group and an 
unsubstituted oxycarbonyl groiq,. As the hetero<qrclic 
oxycarfionyl group, heterocyclic oxycarbonyl groups having 
from 2 to 20 carbon atoms are preferable. Exan^les of 
snbstituents include an ionically hydrpphilie group. 
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Exaniples of the heterocyclic oxycarbonyl group include a 
2-pyridylo3^carbonyl gxovp. 

The aeyl group includes a substituted aoyl group and an 
unsubstituted aeyl group. As the acyl group, acyl groups 
5 having from Z to 20 cajdjon atoms are preferable. Exawples of 
substituents include an ionieally hydrophilic group. 
Exaioples of the aeyl groiip include an acetyl group and a 
benzoyl grotqp. 

The alkoxy group includes a substituted allcoxy group and 
10 an unsubstituted alkoxy group. As the aUco^y group, alJcoxy 
gxoups having from 1 to 20 carbon atoms are preferable. 
Kxsjqales of substituents include an alkoxy group, a hydro^yl 
gro,^, and an ionieally hydrophilic group. BxaasJles of the 
alkoxy groiqp include a methoxy group, an ethoxy group, an 
15 isoprppoxy group, a aethoxyethoxy group, a hydroxyethoxy 
group, and a 3-carboxypropo3qr group. 

The aryloxy group includes a substituted aryloxy gxroup 
and an unsubstituted aryloxy g««^. As the aryloxy gro,=^, 
aryloxy grot^s having from fi to 20 carbon atoms are preferable. 
20 Examples of substituents include an alkoxy groi^ and an 
ionieally hydrophilic group. Examples of the aryloxy group 
inelude a phenoxy group, a p-«ethoxyphenoxy group, and an 
o-methoaqi^henoxy group. 

The heterocyclic oxy groi^ includes a substituted 
25 heterocyclic oxy group and an unsubstituted heterocyclic oxy 
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group. AS the heterocyclic oxy group, heterocyclic oxy groups 
having from 2 to 20 carbon atoms are preferable. Examples of 
substituents include an aUcyl group, an alkoxy group, and an 
ionieally hydrqphilic group. Examples of the heterocyclic oxy 
group include a 3-pyri<^loxy group and a 3-thienyloxy group. 

As the silyloxy group, silyloxy groins on which an 
aliphatic group or aromatic groi^ having from I to 20 carbon 
atoms is substituted are preferable. Exan^les of the silyloxy 
group include trimethylsilyloxy and diphenylmethylailyloxy. 

The acyloxy group includes a substituted acyloxy group 
and an unsubstituted acsyloxy group. As «ie acyloxy group, 
acyloxy groups having from 1 to 20 carbon atoms are preferable. 
E=ca»^los of substituents include an ionieally hydrophilio 

group. Kxaa^ies of the acyloxy groi^ include an acetoxy group 
and a benzoyloa^ group. 

The carbamoyloxy group includes a substituted 
caaajamoyloxy group and an unsubstituted oaxbaaoyl group. 
Exaa«,les of substituents include an alkyl gro,^. Examples of 
the carbamoyloxy group include an H-methylcarbamoyloxy group. 

The alkoxycarbonylosty group includes a substituted 
alkoxycarbonyloxy group and an unsubstituted aUcoxycaa^onyl- 
oxy groiq,. As the alkoxycarbonyloxy group, alkoxycarbonyloxy 
groups having from 2 to 20 caj^on atoms are preferable. 
Exaim>les of the alkoxycarbonyloxy group include a nethoxy- 
carbonyloxy group and an isopropoxycarbonyloxy groi^. 
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Xhe arylojcycaxibonyloxY group includes a substituted 
azyloagroaxbonylo^ group and an nnsubstituted axyloaqr- 
cadionyloacY group. As the aryloxycarbonyloscy groi^, axyloxy- 
carbonyloxy groups having from 7 to 20 carbon atoms are 
preferable. Bxanples of the aryloxycaxbonyloxy group include 
a phenoagrcaxbonyloxy group. 

The amino group includes an amino group substituted with 
an allcyl group, an aryl group or a heterocyclic grot^. The 
alfcyl groiv, aryl groi^ or heterocyclic grotqp may further be 
substituted. As the allcylaaino group, alkylamino groups 
having from 1 to 20 cai^n atcms are preferable. Escaa^les of 
substituents include an ionically hydrophilic group. 
Examples of the alkylamino group include a methylamino group 
and a diethylamiao grovp. 

The arylamino group includes a substituted arylamino 
group and an nnsubstituted arylamino groi;^. As the arylamino 
gro^p, arylamino groiqps having from 6 to 20 carbon atoms are 
preferable. ExaxQ>les of substituents include a halogen atom 
and an ionically hydrophilic group . Exan^les of the arylamino 
groi^ include an aniline group and a 2-chlorophenylamino 
group. 

The heterocyclic amino group includes a substituted 
heterocyclic amino groiqp and an nnsubstituted heterocyclic 
amino group. As the heterocyclic amino group, heterocyclic 
amino groins having from 2 to 20 cai^n atoms are preferable. 
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Exan^les of substitoents in<sl«d an aUcyl group, a halogen 

atom, and an ionieally hydrophilic group. 

The aerylamino group includes a substituted acylaaino 

group and an unsubstituted acylaatLno grorip. As the acylaaiino 
group, aeylamino groups handing from 2 to 20 carbon atoms are 
preferable. Bxaoples of substituents include an ionieally 
hydropbilio gxoxq>. Examples of the aoylamino group include 
an acetylamino group, a propionylaaiino group, a benzoylamino 
group, an N-phenylacotylaaiino group, and a 3,S-disulfo- 
benzoylamino group. 

The ureido group includes a substituted ureido group and 
an unsubstituted ureido group. As the ureido group, ureido 
groups Having from 1 to 20 carbon atoms are preferable. 
Examples of substituents include an alkyl gxoup and an aryl 
group. Examples of the ureido group include a 3-metbylureido 
gro,^, a 3,3-diaethylureido group, and a 3-phenylureido 
group. 

The sulfamoylamino groi^ includes a substituted 
sulfanoylamino group and an unsubstituted sulfamoylamino 
group. Exan^les of substituents include an alkyl group. 
Exaa^les of the sulfamoylamino group include H,N-dipropyl- 
sulfampylamino group. 

The alkoxyearbonylamino group includes a substituted 
alkoxycarbonylamino group and an unsubstituted alkoxy- 
carbonylamino group. As the alkoxycarftsonylaaino group. 



aXkojtyearbonylamino groups having from 2 to 20 carbon atoms 
are preferable. Examples of stibstituents indijde an ionxcally 
hydropliilic gro«p. Exaaples of the aUeoacyoarbonylaai.no groiop 
include an ethostycaxbonylaniino gronp. 

The aryloxyearbonylamino group includes a substituted 
aryloxyoarbonylamino group and an unsubstitutod aryloxy- 
caxbonylamino group. As the aryloxyoarbonylamino group, 
axyloxycarfjonylamino groups having from 7 to 20 carbon atoms 
are preferable. Exaa^les of substitoents include an ionically 
hydrophilic grwjp. Eaeaa^les of the aryloxycarbonylamino 
groi^ include a phenoa^carbonylamino group. 

The alkylsulf onylamino groi^ and the arylsulf onylamino 
group include a substituted aUeylsulfonylamino group or 
axylsulfonylamino group and an unsubstituted alkyl- 
sulf onylamino gro,^ or arylsulf onylamino group. As the 
sulfonylamino group, sulfonylamino groups having from 1 to 20 
carbon atoms are preferable . Examples of aubstituents include 
an ionically hydrophilic group. Examples of the sulfonylamino 
group include a methylsulfonylamino group, an N-phenyl- 
methylsulf onylamino group, a phenylsulf onylamino group, and 
a 3-carboxyph6nylsulf onylamino group. 

The heterocyclic sulfonylamino group includes a 
substituted heterocyclic sulf onyl group and an unsubstituted 
heterocyclic sulfonylamino group. As the heterocyclic 
sulfonylamino group, heterocyclic sulfonylamino groups 
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having from 1 to 12 carbon atoms are preferable . Bxaa^les of 
substituenta includa an ionically hydrqphillo gronp. 
Eacaniples of the heterooyolic stafonylanino grot^ include a 

2- thi«>phenesTilf onylamino group and a 3-:pyridinesulf onylamino 
group. 

trhe heterocyclic sulfonyl group includes a substituted 
heterocyclic sulfonyl group and an unsubstituted heterocyclic 
sulfonyl group. As the heterocyclic sulfonyl group, 
heterocyclic sulfonyl groups having from 1 to 20 carbon atoms 
are preferable . Examples of substituents include an ionically 
hydrqphilic group. Examples of the heterocyclic sulfonyl 
group include a 2~thioplienesulfonyl groi;3> and a 

3- pyridinesulfonyl groi^. 

The heterocyclic sulfinyl ^ovp includes a substituted 
heteroqydic sulfinyl group and an unsubstituted heterocyclic 
fiulfinyl group. As the heteropydic sulfinyl group, 
heterocyclic sulfinyl groups having from 1 to 20 carbon atoms 
are preferable. Exaii«>les of substituenta include an ionically 
hydrophilic group. Examples of the heterocyclic sulfinyl 
group include a 4-pyridinesulfinyl grot^. 

She alkylthio group, arylthio group and heterocyclic 
thio group include a substituted alJcylthio groi^, arylthio 
group or heterocyclic thio group and an unsubstituted 
alkylthio group, arylthio group or hetero<?yclic thio group. 
As the alJcylthio group, arylthio group and heterocyclic thio 
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group, those having from 1 to 20 carbon atoms are preferable. 
Examples of substituenta include an ionically hydrophilio 
groi^. Exanples of the aUcylthio grox^p, arylthio group and 
heterocyclic thio group include a methylthio group, a 
phenyl thio group, and a 2-pyridylthio group. 

The alkylaulfonyl gtoap and the arylsulfonyl group 
include a substituted alfcylsulfonyl group or arylsulfonyl 
group and an unsubstituted alkylaulfonyl group or 
arylsulfonyl group. Eacainples of the alkylsulfonyl group and 
the arylsulfonyl group include a methylsulfonyl group and a 
phenylsulfonyl group. 

The alkylsulfinyl group and the arylsulfinyl grot^ 
include a substituted alkylsulfinyl groiq> or arylsulfinyl 
groi^ and an unsubstituted alkylsulfinyl group or 
arylsulfinyl group. Exaa^les of the alkylsulfinyl group and 
the arylsulfinyl group include a methylsulf inyl group and a 
phenylsulfinyl gro^p. 

The sulfamoyl group includes a substituted sulfamoyl 

group and an unsubstituted sulfamoyl group. Exaa5.1es of 

substituents include an alkyl group. Exai,«,les of the 

sulfamoyl group include a diaethylsulfamoyl group and a 

di-(2-faydroacyethyl) sulfamoyl group. 

Next, the formulae (2), (2-1) and (2-2) will be 
described. 

m the following description, vith respect to the groups 
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and subBtituents, thos already descxibed axe applied. 

In the formnla (2) , 2^21, B21, and Cii eacb independently 
represents an optionally substituted aromatic group (A^x and 
C21 each represents a nonovalent aromatic groi^ such as an axyl 
group; and Bsx represents a divalent aromatic group snch as an 
arylene groi^) or an optionally substituted heterocyclic 
group <A2i and C21 each represents a nonovalent heterocyclic 
group; and B21 represents a divalent heterocyclic group). 
Examples of the aromatic group Include a bensene ring and a 
naphthalene ring; and exaaples o£ the hetero atom of the 
heteroeycslic ring include N, o, and s. The heterocyclic ring 
inay be fused with an aliphatic riag, an aromatic ring, or other 
heterocyclic ring. 

The subatitueatmay be an aryl azo group or a heterocyclic 
a.zo ^roizp • 

Also, at least two of Aaa, Bax, and C21 preferably represent 
a heterocyclic group. 

As the preferable heterocyclic group of C21, an aromatic 
nitrogen-containing 6-membered heterocyclic groi^ 
represented by the following formula (2-3) is enumerated. In 
the case where C^x represents an aromatic nitrogen-containing 
6-meiabered heterocyclic group represented by the following 
formula (2-3) , the formula (2) is corresponding to the formula 
(2-1) . 
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Foiamla (2-3) 




in the formnla (2-3), and each independently 

represents -CRi- or -CR^, or one of them represents a nitrogen 
atom, and the other represents =CRi- or -CR2=. it is acre 
10 preferable that and B^ each represents =CR^^ or -CRa=. 

Rs and each independently represents a hydrogen atom, 
an aliphatic group, an aromatic groi^, a heterocyclic group, 
an aqyl gro^p, an alfcoxycarbonyl grov„, an aryloxycarbonyl 
gxoup, a carbamoyl group, an alkylsulfonyl group, an aryl- 
15 sulfonyl group, or a sulfamoyl group. These respective 
substituents may further be substituted. The substltuents 
r^resented by lU, and are preferably a hydrogen atom, an 
aliphatic group, an aromatic group, a heterocyclic group, an 
acyl group, an alkylsulfonyl group, or an arylsulfonyl grcup; 
inore preferably a hydrogen atom, an aromatic group, a 
heterocyclic group, an acyl grot^, an alkylsulfonyl group, or 
an arylsulfonyl group; and most preferably a hydrogen atom, 
an aryl group, or a heterocyclic group. These respective 
groups may further be substituted. However, ^ and cannot 
25 represent a hydrogen atom at the same time. 



20 
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O, Ri, and each Independently represents a hydrogen 
atom, a halogen atom, an aliphatic group, an aromatic group, 
a heterocyclic group, a cyano group, a carboxyl group, a 
carbamoyl group, an alkoxyeartoonyl group, an aryloxyearbonyl 
group; a heterocyclic oatycarbonyl gro«^, an acyl groT^, a 
hydroxyl group, an alkoxy grot^, an aryloxy group, a 
hetero«:yelie o>y group, a sxlyloxy group, an aeyloxy group, 
a oarbamoyloxy group, an allcoscycairbonyloxy group, an aryl- 
OJtycarbonyloacy group, an amino group (including an alkylamino 
group, an arylamino group, and a heterocyclic amino grot^) , 
an acylamino group, a ureido gxoup, a sulfamoylamino groi^, 
an alfcoacycarbonylamino group, an aryloxycarfconylamino group, 
an allcylsulfonylamino group, an arylsulfonylamino groT35>, a 
heterocyclic sulf onylaaino group, a nitro groi^, an aUcylthio 
group, an arylthio group, a heterocyclic thio group, an allcyl- 
sulfonyl group, an arylsulfonyl group, a heterocyclic 
sul£onyl grot^, an alkylsulfinyl group, an arylsulfinyl group, 
a heterocyclic sulfinyl group, a sulfamoyl groi^, or a sulfo 
groiq>. ihese respective groups may further be substituted. 

As the substituent represented by G, a hydrogen atom, a 
halogen atom, an aliphatic group, an aromatic group, a 
hydroxyl groi^, an alkoxy gxov?>, an aryloag^ group, an acyloxy 
group, a heterocyclic pxy group, an amino group (including an 
alkylamino group, an arylamino group, and a heterocyclic amino 
group) , an acylamino grorq», a ureido group, a sulfaapylamino 
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group, an alkoxycarbonylamino group, an aryloxycarlsonylanu.no 
group, an alfcylthio group, an aryltliio group, and a 
heterocyclic thio group are preferable; a hydrogen atom, a 
halogen atom, an alkyl group, a hydxoacyl group, an alkoxy group, 
an aryloxy groi^, an aoyloxy group, an amino group (including 
an alkylamino group, an arylamino group, and a heterooyolio 
amino grot^) , and an acylamino groiqp are more preferable; and 
a hydrogen atom, an anilino group, and an acylamino group are 
moat preferable. These respective groins may further be 
sube titnted . 

AS the substituents represented by Ri and Ra, a hydrogen 
atom, an alkyl group, a halogen atom, an alkoxycarbonyl groizp, 
a carboxyl group, a carbamoyl group, a hydroxyl group, an 
alkoacy group, and a qyano grot^ are preferable. These 
respective grot^s may further be substituted. 

Ri and Rs, or Rg and R^ may be taken together to form a 
S-membererd or 6-mi^obered ring. 

In the case where each of the substituents represented 
by Azi, Ri, Ra, Rs, Rfi, and 6 is further substituted, eataii5>les 
of substituents include those enumerated above for G, R^, and 
Ra. Also, it is preferable that an ionically hydrophilic gro^p 
is further present as a substituent at any position on A^i, Ri, 
Ra, Rs/ Re, and 6. 

The ionically hydrophilic group as the substituent 
includes a sulfo group, a eaxboaeyl group, a phosphono group. 
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and a qaatemary attmioni.ua groi:^ , As the ionically hydrophilxc 
groi^, a caxboacyl grovtp, a pkosphono 9x017, and a sulfo gTOxp 
are preferable; and a carboxyl grotip and a sixlfo groiip are 
especially preferable. The carboxyl group, the phosphono 
group, and the sulfo group may be in the state of a salt. 
Eacaii5>les of counter Ipns for forming a salt include an axamonium 
ion, an alkali metal ion (sutih as a lithium ion, a sodium ion, 
and a potassium ion) , and an organic cation (such as a 
tetramethylammonium ion, a tetramethylguanidixM ion, and a 
tetramethylphosphonium ion) . 

When Bai is of a ring structure, preferred exan^les of the 
heterocyclic ring include a thiophene ring, a thiaaole ring, 
an imidazole ring, a bensothiassole ring, and a thionothiazole 
ring. These respective substituents may further be 
substituted. Above all, a thiophene ring, a thiazole ring, 
an imidazole ring, a benzothiazole ring, and a thienothiaaole 
ring represented by the following formulae (a) to (e) are 
preferable. Incidentally, yrhen m and n are each 1, B21 is the 
thiqphene ring represented hy (a) , and when C^i is the structure 
represented by the foregoing formula (2-3) , the formula (2) 
is corresponddLng to the formula (2-2) . 



55 



(c) 



. I 
R, 



Ma 





In 



the fojomilae (a) to (e) , R, to R„ represent 
substltuents syaoajaons with those for 6, R^, and R^ in the 
formula (2-1) . 

In the invention, a structure represented by the 
following formula (2-4) is especsially preferable . 
Foxamla (2-4) 



R4-N ^ ^ 
\ 

In the formula, represents an electron withdrawing 
group having a Banmett' s substituent constant op value of 0.20 
or more . Zi is preferably an electron withdrawing group having 
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a op value of 0.30 or more, more preferably an electron 
withdrawing group having a op value of 0.45 or more, and 
especially preferably an electron withdrawing gxoup having a 
op value of 0.60 or more, but it is desired that the op value 
does not exceed 1.0. As preferred specific exaii^les of the 
substituent, electron withdrawing substituents described 
later can be enumerated. Above all, an acyl «rot5> having from 
2 to 20 carbon atoms, an allcyloxycarbonyl group having from 
2 to 20 carbon atoms, a nitro group, a cyano gxoup, an 
alkylsulfonyl group having from 1 to 20 carbon atoms, an 
arylsulfonyl gro^p having from 6 to 20 carbon atoms, a 
ca3a>amoyl group having from 1 to 20 carbon atoms, and a 
halogenated alkyl group having from 1 to 20 carbon atoms are 
preferable. A cyano gro^p, aa alfcylaulfonyl group having from 
1 to 20 carbon atoms, and an arylsulfonyl group having from 
6 to 20 carbon atoms are especially preferable; and a cyano 
group is most preferable. 

Ri» Sa, and R« are synonymous with those in the formula 
(2-1) , Rs and each independently represents a hydrogen atom, 
an aliphatic groi^p, an aromatic group, a heterocyclic group, 
an acyl gro»^, an alkoxycarboi^l group, an aryloxybarbonyl 
group, a carbamoyl group, an alkylsulfonyl group, an 
arylsulfonyl group, or a sulfamoyl group. Above all, a 
hydrogen atcaa, an aromatic group, a heterocyclic group, an 
acyl group, an alkylsulfonyl group, and an arylsulfonyl group 
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aire preferable; and a hydrogen atom, an aromatic group, and 
a heterocyclic group axe especially preferable. 

The respective snbstituents described in the foxmula 
(2-4) may fiarther be substituted. In the case where these 
respective spbstituents are further substituted, exanqsles of 
substituents include the substituents described in the 
formnl« (2-1) , the groups enumerated for Ri, and Ra, and an 
ionically hydrophilic group. 

The Banmtett' s substituent constant cp value as referred 
to in this sgpecif ioation will be described. The Hammett' s rule 
is a rule of thusob advocated by I.. p. Banmett in 1935 for the 
sake of quantitatively discussing influences of substituents 
against reaction or equilibrium of benzene derivatives, whose 
appropriateness is widely admitted at present. The 
substituent constants detexmined by the Hanmett's rule 
include a op value and om value. These values can be found 
in a number of general books. For exaaqple, the details are 
given in i^ange's aandbooJb of Chemistry, 12*^ Edition, edited 
by J.A. Dean, 1979 (McGraw-Hill) and JCsgaJfcn Ito KpoUti (Regions 
of Chemistry) , JBictra Iftanber, Vol. 122, pages 59 to 103 (1979) 
(Nankodo) . Incidentally, in the invention, the respective 
substituents are lunited or described in terms of a Hammett' s 
substituent constant op, but it is not meant that the invention 
is limited to only the substituents that are found in the 
foregoing books and whose values are known by literatures . As 
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a matter of course, the Invention also includes substituents 
whose values are not known by any literatur s but will fall 
within the scope when measured based on the Hammett's rule. 
Also, the formula (1) or (2) of the invention includes 
non-benzene derivatives, but the invention enploys the op 
value as a measure showing an electroziic effect of the 
substituent regardless of the substitution position, in the 
invention, the op value is employed in these meanings. 

Examples of electron withdrawing groups having a 
Hammett's substituent constant op value of 0.60 or more 
include a cyano groi^, a nitro group, an alkylsulfonyl group 
(such as a methaaesulfonyl group) , and an arylsulfonyl group 
(such as a benzenesulfonyl grot^} . 

Exaii5>les of electron withdrawing groups having a 
Hammett's substituent constant op value of 0.45 or more 
include an acyl group (such as an acetyl group), an 
alkoxycarbonyl group (such as a dodeeyloxycarbonyl group) , an 
aryloayearbonyl groi^ (such as m-chlorophenoxycarbonyl) , an 
alkylsulfinyl group (such as n-propylsulf inyl) , an aryl- 
sulf inyl group (such as phenylsulf inyl) , a sulf amoyl group 
(such as M-ethylsulfamoyl and N,H-dimethylsulfamoyl) , and a 
halogenated alfcyl group (such as trifluoromethyl) in addition 
to those described above. 

Examples of electron withdrawing groups having a 
Hammett's substituent constant op value of 0.30 or more 
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include an acyloxy groiip (such as acetoacy) , a carbamoyl group 
(sucli as N-ethylcarbamoyl and N,N-dibutylcarbamoyl) , a 
halogenated alkoxy group (audi as trdLf luoromethyloxy) , a 
halogenated aryloxy group (such as pentaf luorophenyloxy) , a 
5 sul£onyloxy group <such as a methylsulfonyloxy group), a 
halogenated aUtylthio group (such as difluorometfaylthio) , an 
aryl group substituted with two or more electron withdrawing 
groups having a op value of 0.15 or more (such as 
2,4-dinxtrophenyl and pentachlorophehyl) , and a heterocyclic 

0 ring (such as 2-bensoxa»olyl, 2-bensothiazolyl, and 
l-pheayl-2-ben8imidasolyl) in addition to those described 
above. 

Examples of electron withdrawing groups having a 
Hammett's substituent constant Qp value of 0.20 or more 

1 include a halogen atom in addition to those described above. 

With respect to the combination of substituents 
especially preferable as the aso dye represented by the 
foregoing formula (2-2) , R5 and R« each preferably r^resents 
a hydrogen atom, an alkyl g^oyxp, an aryl group, a heterocyclic 
• group, a sulfonyl group, or an acyl group; more preferably a 
hydrogen atom, an aryl group, a heterocyclic groxip, or a 
sulfonyl group; and most preferably a hydrogen atom, an aryl 
group, or a heterocyclic group. However, Kg and cannot 
represent a hydrogen atom at the same time. 

G preferably represents a hydrogen atom, a halogen atom, 
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an alkyl group, a hydroacyl group, an amino gxonp, or an 
acylamino gxorxp; laoxe pr ferably a hydrogen atom, a halogen 
atom, an amino groi^, or an acylamino gxot^; and most 
preferably a hydrogen atom, an amino groi^, or an acylamino 
5 group. 

J^i preferably represents an aromatic grot^, a pyridine 
ring, apyrazoXe ring, an imidazole ring, an Isothxazole ring, 
abenxoisothiazole ring, a thiadiazole ring, a thiazole group, 
a benzothiazole ring, or a triazolo ring; more preferably an 
10 aromatic ring, a pyridine ring, an isothiazole ring, a 
beazoisothiazole ring, a thiadiazole ring, or a benzothiazole 
ring; and most preferably an aromatic ring, a pyridine ring, 
or a benzothiazole ring. 

Bi and Ba each represents =CRa- or -CB«=. and R2 each 
15 preferably represents a hydrogen atom, an alfcyX gxonp, a 
halogen atom, a cyano grougp, a carbamoyl group, a catboacyl 
groiq>, a hydroxyl group, an allcoxy groiq>, or an alfcoatyearixjnyl 
group; and more preferably a hydrogen atom, an allcyl group, 
a cazboagrl group, a cyano groi^, or a carbamoyl group. 
20 incidentally, with respect to the preferred combination 

of substituents regarding the compound represented by the 
foregoing formula (2) , compounds in which at least one of the 
various substituents is the foregoing preferred group are 
preferable; compounds in which most of the various 
25 substituents are the foregoing preferred groups are more 
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preferable; and coi^unds in which all of the snbstituents ar© 
the foregoing preferxed grottps are nost preferable. 

Specific exaaiples of the azo represented by the 

foregoing foxurula (2) will be given below, but it should not 
be construed that the azo to be used in the invention are 
limited to the following exanqples. Also, the ca:A>oaEyl groi^, 
the phosphono group, and the snlfo groi^ stay be in the state 
of a salt. Exaa^les of connter ions for forming a salt include 
an anmoninm ion, an alkali metal ion (such as a lithium ion, 
a sodium ion, and a potassium ion) , and an organic cation (8U<A 
as a tetramethylammonium ion, a tetrajttethylguanidium ion, and 
a tetranethylphosphonium ion) . 
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[Table 1] 



A— N~N— B-:-N=N— C 
A B C 
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[Table 2] 



A— N=N— B—- N— N— C 
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[Table 3] 

A— N«=N— 8 — N=N— C 
A B C 
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[Table 5] 
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[Table 6] 
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The dyes represented the foregoing formulae (2) , (2-1) , 
(2-2) , and (2-4) can be synthesized ty coupling reaction of 
a diazo o<»«>OQnd and a coi^ler. With respect to the major 
synthesis method, the dyes can be synthesized according to the 
methods described in Japanese Patent J^lication No. 
2002-113460. 

In the case where single nsage of this dye (L) enables 
one to realize (stea«^) black vith high image quality (without 
relying upon observation light source) by which any color tone 
of B, G and R is hardly en^hasised, it is possible to use this 
single <^ and the foregoing yellow dre as the dark yellow ink 
c^. But, it is general to combine this <^e with a dye capable 
of covering a region in which absorption of the former dye is 
low and use the mixed dye as a black dye. Usually, the <^e 
is used together with a <^ or pigment having main absorption 
in a yellow region, thereby realizing preferable black. As 
the yellow «^ye, in addition to the yellow <^es set forth in 
claim 1, direct <^s and acid «^es represented by usually 

employed azo pigments and azomethine pigments can be used. As 
the pigment, aqueous dispersions of pigments to which the 
pigment nusiber is assigned can be used together. 

In any of the cases, dyes having the foregoing oxidation 
potential (BOX) of 1.0 V (vs SCE) are preferable; and dyes 
having an Box of 1.2 V (vs SCE) are especially preferable. 

The infcjet recording dark yellow ink of the invention 
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coata±na the dye (black o^e) having a Xmax of longex than 470 
nm and not ionger than 750 ma in an amount of fiom O.OOl to 
10 % by weight, and preferably fzom 0.005 to 5 % by weight of 
the whole of the ink. 

The dark yellow ink of the invention is characterized in 
that the yellow dye is used 1u>gether with the black <S^e having 
a Amax of longer than .470 nm and not longer than 750 nm. mien 
the dyes are used together, the addition weight amount of the 
black <^e is preferably from 0 . 01 to 50 %, more preferably frbm 
0 .02 to 25 %, still more preferably from 0.1 to 15 %, and still 
further more preferably from 1 to 10 % with respect to the 
addition weight amount of the yellow <3^e- 

As the yellow dye, yellow pigments and yellow dyes 
described later may be used together. 

The yellow dye and i^e black dtye having a ;imax of longer 
than 470 nm and not longer than 750 nm according to the 
invention are substantially water-soluble or 
water-dispersible. Especially, it is preferable that in the 
dye-containing ink coii?>osition of the invention, the dyes are 
water-soluble and that the ink composition is of a solution 
type. Concretely, the solubility of the dyes in water at 20 
»C is preferably 2 % by weight or more, and more preferably 
5*% hy weight or more. 

In the invention, it is preferable that a pigment other 
than the yellow dye and the black dye having a Xmax of longer 
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than 470 nm and not longer tliaa 750 nm is substantially 
water-solTible or water-disporsible . Concretely, the 
solubility of the pigment in water at 20 is preferably 2 % 
by weight or more, and more preferably 5 % by weight or more. 

As dyes that can be used together with the dyes of the 
invention, d^es known in the art, such as triarylmethane d^res, 
anthraquinoaedyes, aathrapyridone <*yes , aromethine c^es, azo 
dyes, cyanine <^es, aerooyanine dyes, and oxonole c^es, can 
be used singly or in admixture. Above all, axo c^es are 
especially preferable. 

Mbre specifically, exaa^iles of yellow <^es include aryl 
or heteryl ajso <^s having, for exanple, phenols, naphthols, 
anilines, pyrazolones, pyridones, or open chain active 
methylene compounds as a coi^ling component; ascmethine <^es 
having, for example, open chain active methylene compounds as 
a coupling component; methine such as benzylidene dyes 

and monomethine oxonole dyes; and quinone based <^ires such as 
naphthoqoinone <^es and anthraquinone ^es . Sxan«>les of other 
dye species include quiuGphthalone <^s, nitro-nitroso dyes, 
acridine dyes, and acridinone dyes. These dyes may be ones 
in irfiich a paxt of chromophore is dissociated to first exhibit 
yellow. In this ease, the counter cation may be an inorganic 
cation such as alkali metals and ammonitm or an organic cation 
such as pyridinium and quaternary ammonium salts, and may be 
a polymer cation having such a cation in the partial structure 
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tiliereof . 

Eacaatples of nageni:a c^es incJlacie aryl or hetezyl azo dy&s 
having, £or example, phenols, naphthols, or anilines as a 
coupling componenls; aaonetihine dy«s having, for exaa^le, 
pyrazolones or pyrazolotriazoles as a coupling aampon&Xitf 
methane dyes such as arylidene <^s, styryl dyes, merocyanine 
<^s, and oxonole dyes; carbonium snch aa diphenylmethane 
ciyes, triphenyl w e th an e dyes, and xanthene dyes ; quinone based 
dyes such as naphthoquinone, antbraquinone, and 
anthxapyridone; and fnsed polycyclie dyes sneh as dioacazine 
<^s. These dyes nay be ones in Mfaich a part of ehromophore 
is dissociated to first exhibit magenta. In this case, the 
counter cation may be an inorganic cation such as alkali metals 
and ammonium or an organic cation such as pyridinium and 
quaternary ammonium salts, and may be a polymer cation having 
such a cation in the partial structure thereof. 

Examples of cyan dyes include azomethine dyes such as 
indoaniline <^es and indophenol dyes; polymethine <^es such 
as cyanine <^es, oxonole dbfes, and merocyanine dyes; carbonium 
dyes such as diphenylmethane dyes, triphenylmethane dyes, and 
xanthene <^es,- phthaloeyanine dyes; anthraquinone <^s; aryl 
or heteryl azo dyes having, for exaa«>le, phenols, naphthols, 
or anilines as a coi^ling eon^nent; and indigo • thioindigo 
<^s. These dyes may be ones in which a part of chrompphore 
is dissociated to first exhibit cyan. In this case, the 
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counter cation nay be an inorganic cation such as alkali metals 
and anflnoniim or an organic csation awch as pyridinitjm and 
qaaternary ammonium salts, and may be a polymer cation having 
such a cation in the partial structure thereof. 

Examples of irater-solnble dyes indtide direct dyes, acid 
<^es, food <^es, basic c^es, and reactive dyes. The following 
dsr^s are preferable. 

C.I, Direct Red 2 , 4 , 9 , 23 , 26, 31, 39 , 62 , 63 , 72 , 7S, 
76, 79, 80, 81, 83, 84, 89, 92, 95, 111, 173, 184, 207, 211, 
212, 214, 218, 221, 223, 224, 22S, 226, 227, 232, 233, 240, 
241, 242, 243, 247 

C.I. Direct Violet 7, 9, 47, 48, 51, 66, 90, 93, 94, 95, 
98, 100, 101 

C.I. Direct Yellow 8, 9, 11, 12, 27, 28, 29, 33, 35, 39, 
41, 44, 50, 53, 58, 59, 68, 86, 87, 93, 95, 96, 98, 100, 106, 
108, 109, 110, 130, 132, 142, 144, 161, 163 

C.I. Direct Blue 1, ip, is, 22, 25, 55, 67, 68, 71, 76, 
77, 78, 80, 84, 86, 87, 90, 98, 106, 108, 109, 151, 156, 158, 
159, 160, 168, 189, 192, 193, 194, 199, 200, 201, 202, 203, 
207, 211, 213, 214, 218, 225, 229, 236, 237, 244, 248, 249, 
251, 252, 264, 270, 280, 288, 289, 291 

C.l. Direct Black 9, 17, 19, 22, 32, 51, 56, 62, 69, 77, 
80, 91, 94, 97, 108, 112, 113, 114, 117, 118, 121, 122, 125, 
132, 146, 154, 166, 168, 173, 199 

C.I. Acid Red 35, 42, 52, 57, 62, 80, 82, 111, 114, 118, 



73 



119, 127, 128, 131, 143, ISl, 154, 158, 249, 254, 257, 261, 
263, 266, 289, 299, 301, 305, 336, 337, 361, 396, 397 
C.I. Acid Violet 5, 34, 43, 47, 48, 90, 103, 126 

C.I. Aoid Yellow 17, 19, 23, 25, 39, 40, 42, 44, 49, 50, 
61, 64, 76, 79, 110, 127, 135, 143, 151, 159, 169, 174, 190, 
195, 196, 197, 199, 218, 219, 222, 227 

C.I. Acid Blue 9, 25, 40, 41, 62, 72, 76, 78, 80, 82, 92, 
106, 112, 113, 120, 127:1, 129, 138, 143, 175, 181, 205, 207, 
220, 221, 230, 232, 247, 258, 260, 264, 271, 277, 278, 279, 
280, 288, 290, 326 

C.I. Acid Black 7, 24, 29, 48, 52:1, 172 

C.l. Reactive Bed 3, 13, 17, 19, 21, 22, 23, 24, 29, 35, 
37, 40, 41, 43, 45, 49, 55 

C.I. Reactive Violet 1, 3, 4, 5, 6, 7, 8, 9, 16, 17, 22, 
23, 24, 26, 27, 33, 34 

C.I. Beactive Yellow 2, 3, 13, 14, 15, 17, 18, 23, 24, 
25, 26, 27, 29, 35, 37, 41, 42 

C.I. Reactive Blue 2, 3, 5, 8, 10, 13, 14, 15, 17, 18, 
19, 21, 25, 26, 27, 28, 29, 38 

C.I. Reactive Black 4, S, 8, 14, 21, 23, 26, 31, 32, 34 

C.l. Basic Red 12, 13, 14, 15, 18, 22, 23, 24, 25, 27, 
29, 35, 36, 38, 39, 45, 46 

C.l. Basic Violet 1, 2, 3, 7, 10, 15, 16, 20, 21, 25, 27, 
28, 35, 37, 39, 40, 48 

C-I. Basic Yellow 1, 2, 4, 11, 13, 14, 15, 19, 21, 23, 
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24, 25, 28, 29, 32, 36, 39, 40 

C.I. Basic Blue 1, 3, 5, 7, 9, 22, 26, 41, 45, 46, 47, 
54, 57, 60, 62, 65, 66, 69, 71 
C.Z. Basle Blaok 8 
5 Also, as other pigments that can be used together, the 

foregoing dyes and the following pigaents can be enmaerated. 

As the pigments that can be used in the invention, 
commercially available pigments and known pigments described 
in various literatures can be utilised. SxBn^l^s of 
10 literatures include Color Ind^, edited by The Society of 
Dyers and Colourists; Kaitei Shin-Pan Cabryo Sijiran (Revised 
New Edition, Pigment Handbook), edited by Hippon Ganryo 
Pig-l^t Kyokai (1989) ; Saishin Ganryo Ohyo G±jutsu (Current 
Pigment AK»lication Technologies), published by CMC 
15 Publishing CO., Ltd. (1986),- lasat^ Inki <3i:^utsu (Printing 
ink Technologies), ptiblished by CMC Publishing Co., ltd. 
(1984); and W. Herbst and K. Hunger, Itadastrial Organic 
Pigments, published by VCHV VerXagsgesellschaft (1993). 
specifically, eiamples of organic pigments include azo 
pigments (such as aso lake pigments, insoluble azo pigments, 
condensed azo pigments, and chelate azo pigments) , polycyclic 
pigments (such as phthaloeyaniae based pigments, 
anthraquinone based pigments, perylene based pigments, 
perinone based pigments, indigo based pigments , quinacridoae 
based pigments , dioxazine based pigments , isoindolinone based 
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pigments, qninophthalone based pigments, and diketo- 
pyrogallol based pigments) , dyeing lake pigments (stich as lake 
pigments of acid ox basic dyes), and azine pigments; and 
examples of inorganic pigments inclnde yellow pigments (snoh 
asC.l. Pigment Yellow 34, C.I. Pigment Yellow 37 , C.i. Pigment 
Yellow 42, and C.I. Pigment Yellow 53) , red pigments (such as 
C.I. Pigment Red 101 and C.I. Pigment Ited 108) , bine pigments 
Csueh as C.I. Pigment Blue 27, C.I. Pigment Bine 29, and C.I. 
Pigment Bine 17:1) , black pigments <snch as C.I. Pigment Black 
7 and magnetite) , and white pigments (such as C.X. Pigment 
White 4, C.I. Pigment White 6, C.I. Pigment White 18 , andC.I. 
Pigment White 21) . 

As pigments having a color tone preferable for image 
formation, blue or cyan pigments such as phthalocyanine 
pigments, anthraqoinone based indanthrone pigments (such as 
C.I. Pigment Blue 60) , and dyeing lake pigment based triaryl 
°arbonin« pigments are preferable; and phthalocyanine 
pigments (preferred examples include copper phthaloeyanines 
and monochloro or lowly chlorinated c«^r phthalocyanines 
such as C.I. Pigment Bine 15:1, C.I. Pigment Blue 15:2, C.I. 
Pigment Bine 15:3, C.I. Pigment Blue 15:4, and C.I. Pigment 
Blue 15:6, aluminum phthalocyanines such as pigments 
described in European Patent No. 860,475, a non-metal 
phthalo«5yanine as C.I. Pigment Blue 16, and phthalocyanines 
having zn, Ni or Ti as a central metal; and of these pigments. 
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C.I. Pigment BXue 15:3, C.I. Pigment Blue 15:4, and aluminum 
phthalocyanines are most preferable) are most preferable. 

As red or violet pigments, azo pigments (preferred 
examples include C.l. Pigment Bed 3, C.l. Pigment Red 5, C.I. 
Pigment Red 11, C.I. Pigment Red 22 , C.I. Pigment Red 38, C,l. 
Pigment Red 48:1, C.I. Pigment Red 48 :2, C.I. Pigment Red 48:3, 
C.I. Pigment Red 48:4, C.I. Pigment Red 49 : 1 , C.l. Pigment Red 
52:1, C.l. Pigment Red 53:1, C.l. Pigment Red 57:1, C.I. 
Pigment Red 63:2, C.l. Pigment Red 144, c.l. Pigment Red 146, 
and C.l. Pigment Red 184; and of these pigments, C.I. Pigment 
Red 57:1, C.l. Pigment Red 146, and C.I. Pigment Red 184 are 
most preferable), qninaeridone based pigments (preferred 
examples C.I. Pigment Red 122, C.l. Pigment Red 192, C.l. 
Pigment Red 202, C.I. Pigment Red 207, C.I. Pigment Red 209, 
C.I. Pigment Violet 19, and C.l. Pigment Violet 42; and of 
these pigments, c.l. Pigment 122 is most preferable) , dyeing 
lake based triaryl caxboninm pigments (preferred exai.«>les of 
xanthene based C.I. Pigment Red 81:1, C.l. Pigment Violet 1, 
C.I. Pigment Violet 2, C.l. Pigment Violet 3, C.I. Pigment 
Violet 27, and C.l. Pigment Violet 39), dioxaxine based 
pigments (snch as C.I. Pigment Violet 23 and C.I. Pigment 
Violet 37) , diketopyxogallol based pigments (such as C.I. 
Pigment Red 254), perylene pigments (sueh as C.I, Pigment 
Violet 29), anthraqninone based pigments (such as C.I. Pigment 
Violet 5:1, C.I. Pigment Violet 31, and C.l. Pigment Violet 
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33) , and thioindigo based pigments (stich as C.I. Pxgm&at. Red 
38 and C.I. Pigment Red 88) are preferably used. 

As yellow pigments, azo pigments (preferred exanples 
inolnde nonoazo pigment based C.I. Pigment Yellow 1, c.l. 
Pigment Yellow 3, C.I. Pigment Yellow 74, and C.I. Pigment 
Yellow 98, diasEo pigment based C.l. Pigment Yellow 12, C.I. 
Pigment Yellow 13, c.l. Pigment Yellow 14 , C.X. Pigment Yellow 
16, C.l. Pigment Yellow 17, and C.l. Pigment Yellow 38, overall 
aeo based C.I. Pigment Yellow 93 , C . I . Pigment Yellow 94 , C . I . 
Pigment Yellow 95, C.l. Pigment Yellow 128, and C.I. Pigment 
Yellow 155 , and benzimidasolone based C.l. Pigment Yellow 120 , 
C.l, Pigment Yellow 151, C.l. Pigment Yellow 154 , c.l. Pigment 
Yellow 156 , and C . X . Pigment Yellow 180 ; and of these pigments , 
those using a benzidine based compound as the raw material are 
most preferable), isoindoline • isoindolinone based pigments 
(preferred exaiiQ>le8 include C.z. Pigment Yellow 109, c.l. 
Pigment Yellow 110, c.l. Pigment Yellow 137, and c.l. Pigment 
Yellow 139), quinophthalone pigments (preferred eaeaii5>les 
include C.I. Pigment Yellow 138), and fiavanthrone pigments 
(such as C.l. Pigment Yellow 24) are preferably used. 

As black pigments, inorganic pigments (preferred 
examples include carbon black and magnetite) and Aniline Black 
can be enumerated as preferred exai^ples. 

Besides, orange pigments (such as C.l. Pigment Orange 13 
and C.l. Pigment Orange 16) and green pigments (such as C.l. 
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Pigmeni: Green 7) may be used. 

Th pigaieats that csan be used in the invention may l>e the 
above-described naked pigments or surface-treated pigments. 
AS the surfacre treatment method, there can be considered a 
5 method of coating the surface with a resin or a wax, a method 
of adhering a surfactant, and a method of binding a reactive 
substance (such as radicals generated from silane coupling 
agents, epory compounds, polyisocyanates , or dia«oni«m salts) 
to the pigment surface. These methods are described in the 
LO following literatures and patents. 

(1) Kiarojfcu SeJHren Ito Seishitsu Ta obyo (Properties and 
Applications of Metallic Soaps) , published by Saiwai Shobo 

(2) Znsatsu InJcx Gxjut^ (Printing Ink aiechnologies) , 
published by CMC Publishing Co., Ltd. (1984) 

5 (3) Saa«iin Gsnryo Ohyo Gijut^n (Current Pigment Application 
Technologies) , published by CMC Publishing Co. , Ltd. (1986) 

(4) U.S. Patent Nos. 5,554,739 and 5,571,311 

(5) JP-A-9-151342, aP-A-.10-l40065, aP-A-10-292143, and 
OP-A-11-1 66145 

Especially, the self-dispersible pigments prepared by 
^rtintf a diazonium salt to carbon black as described in the 
U.S. patents of the foregoing item (4) and the capsulated 
pigments pr^>ared by the methods described in the Japanese 
patents of the foregoing item (5) are effective because 
dispersion stability is obtained without using a superfluous 
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dispersant in the ink. 

In the invention, the pigment may be further dispersed 
using a dispersant. As the dispersant, various known 
dispersants suoh ae low-molecular weight dispersants of a 

5 surfactant and high^lecular weight type dispers^ts 

can be used depending upon the pigment. EKaa«)les of the 
dispersant include . those described in JP-A-3-69949 and 
European Patent Ko. 549,486. Also, in using the dispersant, 
for the sake of promoting adsorption of the dispersant onto 

0 the pigment, pigment derivatives called a synergist may be 
added. 

Ihe particle si«e of the pigment that can be used in the 
invention is preferably in the range of from 0.01 to 10 pm, 
and more preferably from 0.05 to 1 pa after dispersion. 
5 AS a method of dispersing the pigment, known dispersion 

technologies to be used at the time of ink production or toner 
production can be e««>loyed. Examples of dispersing machines 
include a vertical or horisontal agitator mill, an attritor, 
a colloidal mill, a ball «iii, « three-roll mill, a pearl mill, 
a super mill, an impeller, adisperser, , aKDmill, adynatron, 
and a pressure kneader. Wxe details are described in Sal;.iiu 
«-«yo Ohyo a±jutsu (Current Wgnient Application 
Technologies) , published by CMC Publishing co. , Ltd. <1986, . 

Ne^t, other components that can be contained in the 
inkjet recording ink (composition) of the invention will be 
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hezeunder described. 

The Inkjet recording ink composition of the invention can 
contain a surfactant. By adjusting liquid physical properties 
of the ink coii^KJsition using the surfactant, it is possible 
5 to bring about excellent effects such as an ia^rovenent in 
discharge stabiliigr of the ink cott«>ositiott, an in^rovement in 
water resistance of iipages, and prevention of bleeding of the 
printed ink caa9>osition . 

Examples of the surfactant include anionic surfactants 
10 (such as sodium dodecylsulfate, sodium dodecyloxysnlfonate, 
and sodium alkylbensenesulfonates) , cationic surfactants 
(such as cetyl pyridinium chloride, trimethyleetylammoniua 
chloride, and tetrabutylammonium chloride), and nonionic 
surfactants (such as polyo^ethylene nonylpheiqrl ether, 
15 polyoxyethyaene ni^hthyl ether, and polyoxyethylene 
octylphenyl ether). abpve all, nonionic surfactants are 
especially preferably used. 

The content of the surfactant is from 0.001 to 15 % by 
i«ight, preferably from 0.005 to 10 % by weight, and more 
20 preferably from 0.01 to 5 % by weight in the ink composition. 

The Inkjet recording ink of the invention can be prepared 
by dissolving and/or dispersing the cbfes and the surfactant 
in an aqueous medium, m the invention, the -aqueous medium" 
means water or a mixture of ^ter and a small amount of a 
water^scible organic solvent, to which are optionally added 
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additives such as a wetting agent, a stabiliser, and an 
antiseptic ag nt. 

Exaiqples of watezr-ntiscible oirganic solvents (including 
water-solTible organic solvents) tJiat can be used in the 
invention include alcohols (such as methanol, ethanol, 
prc»panol, isopropanpl, butanol, iscbutanol, sec-butanol, 
t-butanol, pentanol> hexanol, cyclohexanol, and benzyl 
alcohol), polyhydric alcohols (such as ethylene glycol, 
diethylene glycol, triethylene glycol, polyetl^lene glycol, 
propylene glycol, dipropylene glycol, polypropylene glycol, 
butgrlene glycol, hexaaediol, pentanediol, glycerin, 
hejcanetriol, and thiodiglycol) , glycol derivatives (such as 
ethylene glycol moaomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol monobutyl ether, diethylene glycol 
monoaethyl ether, diethylene glycol aoncbutyl ether, 
propylene glycol monomethyl ether, propylene glycol monobutyl 
ether, dipropylene glycol monomethyl ether, triethylene 
glycol aononethyl ether, ethylene glycol diacetate, ethylene 
glycol monomethyl ether acetate, triethylene glycol 
monomettiyl ether, triethylene glycol monoethyl ether, and 
ethylene glycol moaqphenyl ether), amines (sucOi as 
ethanolamine, diethanolamine, triethanolamine, »>«ethyl- 
diethanolamine, H-ethyldiethanolamine , morpholine, 

N-ethyl«orpholine, ethylenediamine, diethylenetriamine , 
triethylenetetraaine, polyethyleneiaiae, and tetrainethyl- 
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propylenediamia ) , and other polar solvents (sudi as 
foimamide, »,N-diiiiethylfo»naiiiide, W^H-diaietliylacetaiiiide, 
diaetbyl sulfoxide, swlforane, 2-py«olidone, Hrmetb- 
yl-2-pyrrolidoii«, M-vijiyl-2T>yrrolidone, 2-oxaa:olidone, 
l,3-dlaiethyl-2-lau.dasolxdinone, acetonitrile, and acetone) . 
Incidentally, the water-miscible organic solvent may be nsed 
in admixture of two ornore thereof. In the invention, of these 
organic solvents, ifater-soliible organic solvents having a 
boiling point of 150 *c or higher are preferably used. 

in the oase where the dye is an oil-soluble the ink 

can be prepared by dissolving the oil-soluble ^ye in a 
high-boiling organic solvent and emulsifying and dispersing 
it in the aqueous medima. 

The high-boiling organic solvent that is nsed in the 
invention has a boiling point of 150 or higher, and 
preferably 170 'C or higher. 

Examples include phthalic acid esters (such as dibutyl 
phthalate, dioctyl phthalate, dicyclohexyl phthalate, 
di-2-ethylhexyl phthalate, de<syl phthalate, bis- 
(2,4-di-tert-ainylphenyl) isophthalate, and bis(l,l-di- 
ethylpropyi) phthalate) , phosphoric acid or phosphonic acid 
esters (such as diphenyl phosphate, triphenyl phosphate, 
tricresyl phosphate, 2-ethylhexyldiphenyl phosphate, 
dioctylbutyl phosphate, tricyclohexyl phosphate, 
tri-2-ethylhexyl phosphate, tridodecyl phosphate, and 
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di-2-etbylhexylphenyl phosphate) , benzoic acid esters (such 
as 2-ethylhexyl benzoate, 2 , 4-diohlor6benz ate, dodecyl 
benzoate, 2-ethylhoa£ylT>-.hydroac:^^xoate) , amides (such as 
N,N-diethyl dodeeaaamide and W,H-diethyl lattrylamide) , 
5 alcohols or phenols (such as isostearyl alcohol and 
2,4-di^tert-aiiQrlphenol), fatir? acid esters (such as 
dibutoxyethyl succinate, di-.2-ethylhexyl succinate, 2-h«cyZ- 
deqyl tetradecanoate, tributyl citrate, diethyl azelate, 
isostearyl lactate, and trioctyl citrate), aniline 
10 derivatives (such as M,M-dibutyl-2-butoacy-5-tert-oc<grX- 
aniline) , chlorinated paraffins (sxich as paraffins having e 
chlorine content of from 10 % to 80 %) , tri^aic acid esters 
(such as tributyl tri^sate) , dodecylbenaene, diisopropyl- 
naphthalene, phenols (such as 2,4-di-tert-ai»yliAenol, 
4-dodecyloxyphenol, 4-dodecyloxycarbonylphenol, and 

4- (4-dodecyloaOThenylsulf onyl) phenol) , carboxylic acids 
(such as 2-(2,4-di-tert-a«arlphenoacybutyrie acid and 
2-ethoacyoctanedecanoic acid), and alkylphosphorie acids 
(such as <ii-2-(ethylhexyl)phosphoric acid and diphenyl- 
20 phosphoric acid) . The high-boiling organic solvent can be 
tised in an amount of from 0.01 to 3 tiaes, and preferably from 
0.01 to 1.0 tiaes the weight of the oil-soluble ^ye. 

The high-boiling organic solvent may be used singly or 
in admixture (such as tricresyl phosphate and dibutjrl 
25 phthalate, trioctyl phosphate and di (2-ethylhexyl) sebacate. 
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and dibiityl phthalate and poly (N-t-buiylacrylaiiiide) ) . 

Camponnds other than the foregoing high-boiling organic 
solvents that are nsed in the invention and/or synthesis 
methods of these high-boiling organic solvents are described 
5 in, for example, 0.s. Patent Hos. 2,322,027 , 2,533,514, 
2,772,163, 2,833,579, 3,594,171, 3,676,137, 3,689,271, 
3,700,454, 3,748,141, 3,764,336, 3,765,897, 3,912,515, 
3,936,303, 4,004,928, 4,080,209, 4,127,413, 4,193,802, 
4,207,393, 4,220,711, 4,239,851, 4,278,757, 4,353,979, 
0 4,363,873, 4,430,421, 4,430,422, 4,464,464, 4,483,918, 
4,540,657, 4,684,606, 4,728,599, 4,745,049, 4,935,321, and 
5,013,639, European Patent Nos. 276,319A, 286,253A, 289,820A, 
309,158A, 309,159A, 309,160A, 509,3llA, and 510,576A, East 
German Patent Nos. 147,009, 157,147, 159,573, and 225,240A, 
> British Patent Mb. 2,091,124A, JP-A^48-47335 , aP-A^50-26530, 
JP-A-51^25133, JP-A-51-26036, OP-A-Sl-27921 , JP-A-51-27922 , 
JP-'A-51-149028, JP-A-52-46816, JP-A-53-1520 , JP-A-53-1521, 
0P-A-53-1S127 , aP-A-53-146622, JP-A-54-91325, 

aP-A-S4-106228 , aP-A-54-ll8246, aP-A-55-59464, 

JP-A-56-64333, JP-A-56-81836, JP-A-59-204041 , JP-A-61-84641, 
aP-A-62-118345 , aP-A-62-247364 , aP-A-63^167357 , 

JP-A-63-214744, JP-A-63-301941, JP-A^64-9452, JP-A-64-9454, 
JP-A-64-68745, JP-A-1-101543, JP^A-1-102454, JP-A-2-792, 
JP-A-2-4239, JP-A-2-43541, JP.A-4-29237, OP-A-4-30165, 
JP-A-4-232946, and JP-A-4-346338 . 
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The hx9h-bo±lln9 organic solvent can be used in an amount 
of from 0,01 to 3 times, and preferably from 0.01 to 1.0 times 
the weight of the eil-soltible dye. 

In the invention, the oil-solnble dye and the 
high-boiling organic solvent are emulsified and dispersed in 
the aqoeons medium and then used. in emnlsification and 
dispersion, a low-boiling organic solvent can be optionally 
nsed from the viewpoint of eaulsification properties. The 
low-boiling organic solvent is an organic solvent having a 
boiling point of from about 30 »C to 150 "C at atmospheric 
pressure. For example, esters (such as ethyl acetate, butyl 
acetate, ethyl propionate, p-ethoxyethyl acetate, and methyl 
cellosolve acetate) , alcohols (such as isopropyl alcohol, 
n-butyl alcohol, and sec-butyl alcohol), fcetones (such as 
methyl isdbutyl ketone, methyl ethyl ketone, and 
cydohexanone) , amides (such as dimethylf ormamide and 
Nrmethylpyrrolidone) , and ethers (such as tetrahydrofuran and 
dioxane) are preferably used. However, it should not be 
construed that the invention is limited thereto. 

The emulsif ieation and dispersion are carried out for the 
sake of dissolving the dye in the high-boiling organic solvent 
or a mixed solvent of the high-boiling organic solvent and the 
low-boiling organic solvent as the case may be, and dispersing 
the resulting oil phase in an aqueous phase con^^sed mainly 
of water to prepare fine oil dr<»plets of the oil phase. During 



86 



th±3 operation, if d sired, additives ^uch as surfactants, 
wetting agents, c^e stabilizers, enrplsif ication stabilijsers, 
antiseptic agents, and anti£«d»gal agents as described later 
can be added to either one or both of the aqaeovs phase and 
the oil phase. 

As the emnlsif ication mei^od, a method of adding the oil 
phase into the aqneons phase is general, but a so-called phase 
inversion enwlsif ication method in which the aqueous phase ils 
dro!pped into the oil phase can also be preferably used. 

In the invention, in the enulsifioation and dispersion, 
various surfactants can be used, For exasqple, anionic 
surfactants (such as fatty acid salts, alkylsulfuric acid 
ester salts, aUeylbensenesulfonie acid salts, alkyl- 
aaphthalenesulfonio acid salts, dialkylsulfosuccinic acid 
salts, elkylphost^oric acid ester salts, naphthalene- 
sulfoaic acid-foi»alin condensates, and polyoxyethylene 
allgrlsulfurio acid esters salts) and nonionic surfactants 
(such as polyoxyethylene aifcyl ethers, polyoxyethylene 
allcylaryl ethers , polyo3«yethylene fatty acid esters, sorfsitan 
fatly aoid esters, polyoacyethyleae soi^itan fatl^y aiid esters, 
polyoxyethylene allcylamines , glycerin fatty acid esters, and 
exyethylene-oxypropylene block copolymers) are preferable. 
Also, STOFXNOI^ (manufactured by Air Products £ Chemicals) 
that is an acetylene based polyoaqrethylene oxide surfactant 
is preferably used- Also, amine oxide type ampholytic 
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STxrfaetant3 such as N^N-diaethyl-M-aUcylaniia oxides are 
preferable. Farther, surfactants described on pages 37 to 38 

of 0P-A-S9-157636aiidiiil?esearchI3ise2osureNo. 308119 (1989) 
can be used. 

5 Also , for the purpose of striving for stabilisation after 

the emjasification, a water-soltible polymer can be added in 
combination with the foregoing surfactant. As the 
irater-aoluble poly«er, for exaaiple, polyvinyl alcohol, 
polyvinylpyrrolidone, polyethylene oxide, polyacrylic acid, 
LO polyacrylaaide, and copoljaers thereof are preferably used. 
Also, it is also preferable to use natural water-soluble 
polyiners such as polysaccharides, casein, and gelatin. 
Further, for the sake of stabilising the dye dispersion, it 
is possible to jointly use polyvinyl compounds, polyurethanes , 
.5 polyesters, polyamides, polyureas, polycarbonates, etc. that 
are substantially insoluble in the aqueous medium and which 
are Obtained by polymerization of acrylic acid esters, 
methacrylic acid esters, vinyl esters, acrylamides, 
methacrylamides, olefins, styrenes, vinyl ethers, or 
acrylonitriles. it is preferable that these polymers contain 
-SO,- or -COO-. in the case where the polymer that is 
substantially insoluble in the aqueous medium is used together, 
it is preferable to use the high-boiling organic solvent in 
an amount of not more than 20 % by weight, and more preferably 
-not more than 10 % by weight. 



88 



In the ease where the aqu ens ink composition is f xmed 
by dispecsin? th oil-soluble dj^e ox the high-boiling organic 
solvent by enmlsification and dispersion, it is especially 
iai?>oi:tant to control the particle size thereof, in forming 
an iaage by infcjet, it is essential to malce the nean particle 
siee small for the sake of enhancing the color purity or 
density. The volume iaean particle size is preferably not more 
than 1 im, and more preferably from S^to 100 nm. 

The volume mean particle size and particle size 
distribution of the dispersed pertides can be easily measured 
aecordin^r to known methods such as the static light scattering 
method, the dynamic light scattering method, the- centrifugal 
sedimentation method, and the methods described on pages 417 
to 418 Of Jikfcen Xag^ Jtoza (Lectures on Experimental 
Chemistry) , 4** Edition. For exaxi«.le, the particle size can 
be easily measured by commercially available volume mean 
particle size analyzers (such as Microtrac DPA (manufactured 
by Nikkiso Co, , Ltd.) 1^ dilution with distilled water such 
that the particle concentration in the ink composition is from 
0.1 to 1 % by weight. Further, the dynamic light scattering 
siethod utilizing the laser Doppler effect is especially 
preferable because the particle size to small sizes can be 
measured. 

The volume mean particle size means a mean particle size 
weighed by the particle volume and is a value obtained by 
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dividing the svm of ones obtained by mnltiplying the diameter 
of the individual partial by the voltuae of the particle by 
the total volume of the particles in aggregation of the 
particles . The volnme mean particle size is descrilied on page 
119 of Kdbtm^hl Katekfcnsu 2K> Kagalm (Chemistry of Synthetic 
Latioes) (written by Soichi Mnroi and published by Kobunshi 
Kankokai) . 

Also, it has become clear that the presence of coarse 
particles plays a very iii«>ortaiit role in the printing 
performance. That is, it has been noted that the coarse 
particles clog a head norrle or do not clog the head nozzle 
bnt form stains to cause inferior discharge or slippage in 
discharge of the ink, thereby seriously inflneneing the 
printing performance. For the sake of preventing snch a 
phenomenon, when formed into an ink, it is iii?»ortant to 
suppress the number of particles of 5 p« or larger to not more 
than 10 and the number of particles of 1 pm or larger to not 
more than 100, respectively in 1 of the ink. 

As a method of removing these coarse particles, known 
methods such as the centrifugal separation process and the 
microfiltration process can be employed, ihese separation. 
Measures may be carried out immediately after emnlsification 
and dispersion, or after adding various additives such as 
wetting agents and surfactants to the emulsified dispersion 
and immediately before filling in an ink cartridge. 
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As an effective measure of aaking the mean pasrticle size 
snail and making the coarse particles firee, it is possilsle to 
use a mechanical enmlsification device. 

As the emnlsifioation device, known devices such as a 
simple stirrer or impeller stirring mode, an in-line stirring 
mode, a mill mode using a colloid mill, etc. , and an ultrasonic 
mode can be en^loyed, but use of a high-pressure homogenizer 
is especially preferable. 

the detailed mechanism of the high-pressure homogenizer 
is described in, for example, U.S. Patent 4,533,254 and 
JP-A-6-472fi4 . Examples of commercially^ available devices 
include fiaulin Homogenizer (manufjustured by A.P.V QADiaN 
INC.), Microfluidizer (manufactured by MZCROFLUIDEX INC.), 
and Ulthimaizer (manufactured by SU6XHO MACHINE LIMITED) . 

Also, in recent years, a high-pressure homogenizer 
provided with a mechanism of atomization in an ultrahigh 
pressure jet flow as described in U.S. Patent No. 5,720,551 
is e^eially preferable for the emulsification and 
dispersion of the invention. Eatanples of the emulsification 
device using an ultrahigh pressure jet flow include DasEB 2000 
(manuf€u:tured by BEE INXEBHATXONaL LTD.) . 

In emulsification using a high-pressure emulsification 
and dispersion device, the pressure is 50 MPa or more, 
preferably 60 MFa or more, and more preferably 180 MPa or more. 
For example, a method of using two kinds or more 
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eamlsification devicses together, in which after 
enmlsxfication by a stirring and emolsifioation machine/ the 
emxilsion is passed thro>ugh a high^pressure homogenizer, is 
especially preferable. Also, a method in which after once 
5 undergoing emnlsification and dispersion nsing these 
emialsifioation devices, additives such as wetting agents and 
surfactants are added, and the ink is again passed through a 
high-pressure bomogenizer during filling it in a cartridge is 
also preferable. 
10 In the case where a low-boiling organic solvent is 

contained in addition to the high-boiling organic solvent, it 
is preferable to remove the Xow-boiling organic solvent froft 
the viewpoints of stability and safety and hygiene of the 
emulsion . As a method of removing the low-boiling organic 
15 solvent, various known methods can be used depending upon the 
kind of the solvent. That is, examples include the evaporation 
process, the vacuum evaporation process, and the 
ultrafiltration process, it is preferable to carry out the 
removal step of the low-boiling organic solvent as quick as 
20 possible immediately after the eiaalsif ication . 

Ftor the inkjet recording ink conqposition obtained in the 
invention, additives sue* as an antidryiag agent for 
preventing clogging due to drying of the ink in an injection 
port, a penetration accelerator for accelerating penetration 
25 of the ink into p^«r, a OV absorber, an antioxidant, a 
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viscosity modifier, a surface tension modifier, a dispersant, 
a dispersion stabilizer, an antifxmgal agent, a rust 
preventive, a pB adjuster, an antifoaming agent, and a 
chelating agent can be properly chosen and used in proper 
amounts. 

As the antidxying agent, water-soluble organic solvents 
having a v^>or pressure lower than water are preferable. 
Specific exan^les include polyhydric alcohols (represented!^ 
ethylene glycol, propylene glycol, diethylene glycol, 
polyethylene glycol, thiodiglycol , dithiodiglyeol , 
2~»ethyl-l , 3-propanediol , 1,2, 6-hexanetriol , acetylene 
glycol derivatives, glycerin, and trimethylolprppane) , lowec 
alkyl ethers of polyhydric alcohols (such as ethylene glycol 
monomethyl (or iiionoethyl) ether, diethylene glycol monomethyl 
(or monoethyl) ether, and triethylene glycol monoethyl (or 
monobutyl) ether), hetexocyclic con^unds (such as 2-pyr- 
rolidone, H-aethyl-2-pyrrolidone, l,3-.dimethyl-2-ijiiida2- 
olidinone, and M-ethyl«o«pholine> , sulfur-containing 
compounds (such as sulforane, dimethyl sulfoxide, and 
3-sulfolene) , polyfunetional compounds (such as diacetone 
alcohol and diethanolamine) , and urea derivatives, of these 
cooipounds, polyhydric alcohols such as glycerin and 
diethylene glycol are xnore preferable. Also, the antidxying 
agent may be used singly or in admixture of two or more thereof. 
It is preferable that the antidrying agent is contained in an 
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amount o£ front 10 to BO % by weight ia the ink. 

As the penetration accelerator, alcohols (snoh as 
ethaaol, isopropanol, butanol, di(or tri) ethylene glycrol 
aonobutyl ether, and l,2-.hexaaediol) and nonionic surf actants 
S (saoh as sodium lauryl sulfate and sodium oleate) can be used. 
When the penetration accelerator is contained in an amount of 
from 10 to 30 % by weight in the ink, there gives rise to a 
sufficient effect, it is preferable to use the penetration 
accelerator in the addition amount within the range where 
10 bleeding of printing and print-through are not caused. 

la the invention, as the OV absoxier that can be used for 
the sake of in^roving preservability of the image, 
b^izotriasole based compounds described in JP-A-58-18S677, 
JP-A-61-190537, JP-A-2-782, JP-A-5-197075, and aP-A-9^34057; 
15 bensophenoae based compounds described in JP-A-46-2784, 
JP-A-5-194483, and U.S. Patent »o. 3,214,463; cianamic acid 
based «aiflpounds JP^B-48-30492 , JP-B~56-21X41, and 
ilP-A-10-8B106; triaaine based compounds described in 
JP-A-4-298503, JP-A-8-53427, JP-A-8-239368, JP-A-lO-182621, 
20 and JP~T-8-501291; cos^pounds described in Research Oisclosur« 
Ho. 24239; and eampoiinds of absorbing XJV rays to emit 
fluorescence, which are a so-called fluorescent brightener, 
represented by stilbeae based con^xmads aad benzoaca^ole based 
compounds can be used. 

25 In the inveatioa, as the antioxidant that can be used for 
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the sake of improving pr servability of the image, various 
organic based or aetal conqplex based antif ading agents can be 
rxs&d. Bxanples of organic antifading agents include 
hydroquinones, alkoxypl^enols , dialkoacyphenols, phenols, 
anilines, amines, indanes, chromans, alkoxyanilines , and 
heterocyclic eo^ponnds. Exaiaples of metal oonplexes include 
nickel eooplexes and zinc coaplexes. More ^>ecifically, 
coii5>ounds described in the patents cited in Research 
UisolosnreHo. 17643, Mo, Vil, Xtans 1 to J, ibid. Ho. 15162, 
ibid. Mo. 18716, page 650, left column, ibid. Mo. 36544, page 
527, ibid. Ho. 307105, page 872, and ibid. No. 15162 and the 
formulae of representative examples and illustrative 
conpounds described on pages 127 to 137 of JP-A-62-215272 can 
be used. 

Examples of the antifungal agent that can be used in the 
invention include sodium dehydroaoetate, sodiua benzoate, 
sodium pyridinethione^l-oxide, ethyl p-hydrox]0benzoate, and 
l,2-benzisothiazolin-3-one and salts thereof. it ±s 
preferable that the antifungal agent is used in an amount of 
from 0.02 to 5.00 % by weight in the ink. 

Incidentally, the details are described in, for exaii5>le, 
Sofcin-Sobai«a4 Jrit«, (Encyclopedia of Antibacterial and 
Antifungal Agents) (edited by The Sooietsr for Antibacterial 
and Antifungal Agents, Japan, Encyclopedia Editorial 
Committee) . 
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Also, examples of the rust preventive include acidic 
sulfites, sodium thiosulfate, tbioglyoolic acid amnion, 
diisopropylamaoztium nitrite, pentaezythritol tetranitrate , 
dicydoliejeylammoniuai nitrite, and beneotriazole . it is 
5 preferable that the rust preventiire is contained in an amount 
of from 0.02 to 5.00 % by weight in the ink. 

5n»e pH adjuster that can be used in the invention can be 
suitably used from the stanc^ints of pH adjustment, 
impartation of dispersion stability, etc., and it is 
10 preferable that the ink is adjusted at a pH of from 8 to 11 
at 25 "C. In the case where the pH is less than 8, the solubility 
of the €^ye is lowered so that the nozzle is clogged, whereas 
when the pH exceeds 11, water resistance is liable to be 
deteriorated. As the pB adjuster, the basic pH adjuster 
includes organic bases and inorganic alkalis, and the acidic 
pH adjuster includes organic acids and inorganic acids. 

Examples of organic bases include triethanolanine, 
dietahnolamine, H-methyldiethanolamine , and dimethyl- 
ethanolamine. Exan^>les of inorganic alkalis include aUcali 
metal hydroxides (such as sodium hydroxide, lithium hydroxide, 
and potassium Iqrdroxide) , carbonates (sudh as sodium 
carbonate and sodium bicarbonate) , and ammonia. Examples of 
organic acids include acetic acid, propionic acid, 
trifluoroacetic acid, and alkylsulfonic acids. Bxanyles of 
inorganic acids include hydrochloric acid, sulfuric acid, and 
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phosphoric acdld. 

Separately £rom the foregoing surfactants, nonionie, 
cationic or anionic surfactants can be enuinerated as the 
surface tension modifier. Exaaples of anionic surfactants 
include fatty acid salts, alkylsulfurio acid ester salts, 
alkylbenzenesulfonic acid salts, alkylnaphthalenesnlfonic 
acid salts, dialkylsulfosuccinie acid salts, 
alkylphosophoric acid ester salts, naphthalenesulfonic 
acid-formalin condensates, and polyo«yethylene allcylsulfuric 
acid esters salts. Examples of nonionic surfactants include 
polyoxyethylene alfcyl ethers, polyoxyethylene alfcylaryl 
ethers, polyoxyethylene fatty acid esters, sorbitan fatty 
acid esters, polyoxyethylene soia,itan fatty acid esters, 
polyoxyethylene allcylamines , glycerin fatty acid esters, and 
oxyethylene-oxypropylene block cppolymers. Also, SORFXNOIS 
(manufactured by JVir Products fi Chemicals) that is an 
acetylene based polyoxyethylene oxide surfactant is 
preferably used. Also, amine oxide type ampholytic 
surfactants such as H,N-dimethyl-N^alkylamine oxides are 
preferable. Further, surfactants described on pages 37 to 38 

of JP-A-S9-157636 and in Research Disclosure No. 308H9 (1989) 
can be used as the surfactant. 

The surface tension of the ink that is used in the 
invention is preferably from 20 to 50 mu/m, andmore preferably 
from 20 to 40 aN/m at<25 in terms of any of c^^namic or static 
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surface tension, when the surface tension exceeds 50 nar/m, 
discharge stahiXity is extremely deteriorated, and bleeding 
at the time of color mixing and whisker are caused, leading 
to marked reduction in printing quality. On the other hand, 
when the surface tension is less than 20 «fli/m, inferior 
printing due to adhesion of the ink to the hard surface at the 
tisie of discharge may possibly occur. 

The ink of the invention preferably has a viscosity of 
from 1 to 20 aPa-s, more preferably from 2 to 15 mPa-s, and 
especially preferably 2 to 10 «Pa-s, at 25 "C. When the 
viscosity of the ink exceeds 30 mPa-s, the fixing rate of the 
recorded image becomes slow, and the discharge performance is 
lowered. On the other hand, when it is less than 1 mPa-s, the 
recorded image causes bleeding so that the quality is lowered. 

Th© viscosity can be arbitrarily adjusted by the addition 
amount of the ink solvent. Examples of the ink solvent include 
glycerin, diethyleno glycol, triethanolamiae, 2^pyxrolidone, 
diethylene glycol nonctoutyl ether, and triethylene glycol 
monobutyl eUier. 

Also, a viscosity modifier may be used. Examples of the 
viscosity modifier include celluloses, water-soluble 
polymers such as polyvinyl alcohol, andnonionic surfactants. 
Further, the details are described in Wendo Cbosoi Gi;?utsu 
(Viscosity Adjustanent Tecamologies) , Chapter 9, (by Gijutsu 
Joho Kyokai, 1999) and Chemicals for Inkjet Printer ('98 
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Enlarged Edition) - Prospects and Surveys of Devel<>p«ent of 
Materials - (by CMC Publishing co. , Ltd. , 1997) , pages 162 to 
174, 

Also, in the invention, the foregoing various eationic, 
5 anionic or nonionie surfaetsnts can be used as the dispersant 
and dis^sion stabilizer, and fluorine based or silicone 
based compounds and chelating agents represented by wsl can 
be used as the antif earning agent as the need arises. 

in pr^?aring the ink of the invention, in the case of an 
0 aqueous ink, it is preferable to first dissolve the dye in 
water. Thereafter, various solvents and additives are added, 
and the mixture is dissolved and mixed to form a uniform ink. 

At this time, as the dissolution method, various methods 
such as dissolution by stirring, dissolution by ultrasonic 
5 irradiation, and dissolution by vibration can be used, of 
these methods, the stirring method is preferably used, m the 
case Of undergoing stirring, various modes that are known in 
the art, such as fluidized agitation and agitation utilising 
a shear force using an inverse agitator or a dissolves can be 
utilized. On the other band, a stirring method utilizing a 
shear force against the container bottom by a magnetic stirrer, 
etc. can be suitably utilized. 

Recording paper and recording films as a reflection 
aedium to be used in the image recording method of the 
invention will be hereunder described. a support in the 
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xecordxng paper and r cording film is made of a chemical pulp 
(such as I«KP and MBKP) , a mechanical pulp (such as GP, PGw, 
»MP, TMP, GIMP, O*, and CGP) , a used paper pulp (such as DIP) , 
etc. If desired, the pulp is mixed with conventionally known 
5 additives such as pigments, binders, siaing agents, fixing 
agents, cationie agents , and p*^ strength additives, and the 
mixture is processed by various devices such as a f ourdriniex 
paper machines and cylinder paper machines . The thus produced 
ST^^rt can be used. In addition to these supports, synthetic 
10 paper and plastic film sheets can be used. It is desired that 
the support has a thickness of from 10 to 250 pm and a basis 
weight Of from 10 to 250 g/m*. 

An image receiving material may be prepared by providing 
an ink absorbing layer and a backcoat layer on the support as 
15 it is. Also, an image receiving material may be prepared by 
si:.e pressing with starch, polyvinyl alcohol, etc. or 
providing an ancShor coating layer, and then providing an ink 
absorbing layer and a backcoat layer. Farther, the support 
may be subjected to flattening processing by a calendering 
20 device such as a machine calender, a TG calender, and a soft 
calender. 

in the invention, as the suRix>rt , p^,er and plastic films, 
the both sides of which are laminated with a polyolef in (such 
as polyethylene, polystyrene, polyethylene ter^hthalate, 
25 polybutene, and copolymers thereof) are preferably used. It 
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is preferable to add a white pigment (fiuch as titanium oxide 
and sine oxide) or a coloring dye (snch as cobalt blue, 
Qltramaxine, and neo^rmitnt oxide) to the polyolefin. 

The ink absorbing layer to be provided on the support 
contains a porous material and an aqueous binder. Also, it 
is preferable that the ink absorbing layer contains a pigment. 
As the pigment, a white pigment is preferable. BxaiQ>les of 
white pigments include inorganic white pigments (such as 
calcium carbonate, kaolin, talc, clay, diatomaoeous earth, 
synthetic amorphous silica, aluminum silicate, magnesium 
silicate, calcium silicate, aluminum hydroxide, alumina, 
lithopone, zeolite, barium sulfate , calcium sulfate, titanium 
dioxide, Bine sulfide, and ainc carbonate] and organic 
pigments (such as styrene based pigments^ acrylic pigments, 
urea resins, and melamine resins) . of these pigments > porous 
white inorganic pigments are preferable, and synthetic 
amorphous silica having a large pore area is especially 
suitable. As the synthetic amorphous silica, any of an 
anhydrous silicate obtained by the dry production process and 
a hydrated silicate obtained by the wet production process can 
be used, but it is ejqpecially desired to use the hydrated 
silicate. These pigments may be used in admixture of two or 
more thereof. 

Examples of the aqueous binder to be contained in the ink 
absorbing layer include water-soluble polymers (such as 
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polyvinyl alcohol, silanol-^nodified polyvinyl alcohol, 
Sl»rc3h, cationic starch, casein, gelatin, caxfoos^mathyl 
cellulose, hydzoxyethyl celltaose, polyvinylpyrrolidone, 
polyallcylene oxides, and polyalkylene oxide derivatives) and 
water-di^>ersil>le polymers (such as styxene butadiene latiees 
and acrylic esmlsions) . The a<iaeoas binder can be used singly 
or in admixture of twp or more thereof. In the invention, o£ 
these aqueous binders, polyvinyl alcohol and silanol-^iodified 
polyvinyl alcohol are especially suitable Sxtm the 
standjpoints of adhesion to the pigpnant a^d resistance to 
peeling of the ink. absozfoing layer. 

The ink absorbing layer can contain mordants, 
»»aterproofing agents, light fastness enhancers, surfactants, 
hardeners, and other additives in addition to the pigment and 
aqueous binder. 

It is preferable that the mordant to be added in the ink 
absoidjing layer is immobilised. For this purpose, polymer 
mordants are are preferably used. 

^Che polymer mordants are described in JP-A-48-2832S , 
aP-A-S4-74430, aP-A-54-124726, JP-A-55-227S6, 

aP-A-55-142339, JP-A-60-23850, JP-A-60-23851, JP-A-60-23852, 
JP-A-60-23853, JP-A-60-57836 , JP-A-60-60643, aP-A-60-118834, 
JP-A-60-122940, OP-A-60-122941, JP-A-60-122d42, 

JP-A-60-235134, JP-A-X-1 61236, andU.S. PatentHos, 2,484,430, 
2,548,564, 3,148,061, 3,309,690, 4,115,124, 4,124,386, 
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4,193,800, 4,273,853, 4,282,305, and 4,450,224. Image 
receiving materials containing polymer mordants described on 
pages 212 to 215 o£ JP-A-1-1 61236 are especially preferable. 
When tbe polymer mordants described in this patent are used, 
images having excellent image quality are obtained, and light 
fastness of images are ixq>roved. 

The waterproofing agent is effective for making the image 
waterproof, and cationic resins are especially desired as the 
%raterproofing agent. Sxas^les of cationic xesins include 
polyamide polyamine epiohlorohydrin, polyethyleneimine, 
polyaminesnlfone, dimethyldiallylammonitim chloride polymers, 
cationic polyacrylamide, and colloidal silica. Of these 
cationic resins, polyamide polyamine epiohlorohydrin is 
suitable. The content of the cationic resin is preferably from 
1 to 15 % by weight, and especially preferably from 3 to 10 % 
by weight based on the whole of the solid contents of the ink 
absoid»ing layer. 

Examples of the light fastness enhancer include zinc 
sulfate, zinc oxide, hindered amine based antioxidants, and 
benzotriaxole based UV absoi^rs sudh as benzophenone . Of 
these light fastness enhancers, zinc sulfate is especially 
suitable. 

The surfactant functions as a coating aid, a peeling 
iiaprover, a slipperiness ias>rover, or an antistatic agent. 
The surfactant ia deiscriJ?ed in JP-.A-62-173463 and 
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JF-A-62-183457 . 

Organic fluoro caiflpoun<is may be used in place of the 
surfactant. It is preferable tluit the organic fluoro 
coi4>oTinds are hydrophobio. Bxaa^les-of the organic fluoro 
oonQKmnds include fluordLne based surfactants, oily fluorine 
based - ooiis»ounds (sncih as flvorooarbon oils) , and solid 
fluorine based con^iounds (such as tetraf luoroethylene resins) . 
The organic fluoro con^xiunds are described in JP-B-57-9053 
(coluams 8 to 17) , ap-A-61-20994, and JP'-A^62-135826. 

As the hardener, materials descsribed on page 222 of 
JP-A-1-161236 can be used. 

Sxaiqples of other additives that are added in the inJc 
absorbing layer include pigaent dispersants, thickeners, 
antif earning agents, dyes, fluorescent brighteners, 
antiseptic agents, pH adjusters, matting agents, and 
hardeners. Incidentally, the ink absorbing layer may be of 
a single layer structure or a double-layer structure. 

The recording paper and recording film can be provided 
with a backcoat layer. As coiaQ>onent8 that can be added to this 
backcoat layer, xdiite pigments, aqueous binders, and other 
components can be enumerated. 

S3eaii«>les of white pigments that are contained in the 
backcoat layer include white inorganic pigments (such as 
precipitated calcium cad)onate light, calcium carfjonat^ heavy, 
kaolin, tale, calcium sulfate, barium sulfate, titanium 
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dioxide, linc oxide, zinc 3alfide, zinc oai^nate, satin ttbite 
aluminnm silicate, diatomaceons earth, calcium silicate, 
aagnesinm silicate, synthetic amozphons silica, colloidal 
silica, colloidal alnmina, psendoboehiiiite, aluminnm 
hydroxide, altimina, litht^ne, zeolite, hydratod halloysite, 
nagnesivn carbonate,- and magnesium hydroxide) and organic 
pigments (snoh as si^rene based plastic pigments, acrylic 
plastic pigments, polyethylene, microcapsules, urea resins, 
and melamine resins) , 

Bzaosiles of aqueous binders that are contained in the 
backcoat layer include water-soluble polymers (such as 
styrene/maleic acid salt copolymers, styrene/acrylic acid 
salt csapolymers, polyvinyl alcohol, silanol-modi£ied 
polyvinyl alcohol, stardh, cationic starch, casein, gelatin, 
carboxymethyl cellulose, hydroxyethyl cellulose, and 
polyvinylpyrrolidone) and water-dispersible polymers (such 
as styrene butadiene latioes and acrylic enolsions) . Exasples 
of other conponents that are contained in the backcoat layer 
include antifoaming agents, foam inhibitors, dyes, 
fluorescent brighteners, antiseptic agents, and 
waterproofing agents. 

A polymer fine particle dispersion may be added to the 
constitutional layers (including the backcoat layer) of the 
Inkjet recording paper and recording film. Xhe polymer fine 
particle dispersion is used for the purpose of inipxroving the 
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film physical properties such as dijuensionaX stabilization, 
curling prevention, adhesion pr vention, and film crack 
prevention . The polsner fine particle dtispersion is described 
in ap-A-62-2452S8, JP>A-62-136648, and JP-A-62-110066. When 
a polsaer fine particle dispersion having a low glass 
transition tesiperatuze (not higher than 40 "C) is added to the 
mordant-containing layer, it is possible to prevent crack and 
curling of the layer from occurrence. Also, when a polyitter 
fine particle dispersion having a high glass transition 
tanperatnre is added to the backcoat layer, it is also possible 
to prevent curling of the layer from occurrence. 

In the invention, the inkjet recording mode is not 
limited but can be applied to known modes such as a charge 
control mode of discharging the ink utilising an electrostatic 
induction force, a drop-on-demand mode (a pressure pulse mode) 
utilizing a vibration pressure of piezoelectric element, an 
acoustic inkjet mode of converting electric signals to 
acoustic beams, irradiating the ink with the beams, and 
discharging the ink utilizing radiation pressure, and a 
thermal iakjet (bubble jet) mode of heating the ink to form 
bubbles and utilizing the generated pressure. 

The inkjet recording mode includes a mode of injecting 
a number of inks having a low concentration called photo-inks 
in a small ar4a, a mode of using a plurality of inks having 
substantially the same hue and having a different 
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concentration to improve the image quality , and a mode of using 
a colorless transparent ink. 

The inkaet recording ink of the invention can be used f or 
other applications than the inkjet recording. For example, 
it can be used for materials for display image, image forming 
materials of interior decoration materials, and image forming 
of outdoor decoration materials. 
The materials for display image include posters, 
wallp^r, decorative small articles (such as ornaments and 
dolls), commercial advertising leaflets, packing paper, 
wrapping materials, paper bags, polyvinyl bags, packaging 
materials, signboards, pictures drawn in the side surfaces of 
tran^rts (such as automobiles, buses, and electric trains) 
or images attached thereto, and logotype-provided dresses . In 
the case where the dye of the invention is a display image 
forming material, the tezm «image" as referred to herein 
includes not only images in the narrow sense but also all of 
patterns <^s that a i>erson can acknowledge, such as 
abstract designs, letters, and geometric patterns. 

The interior decoration materials include wallpaper, 
decorative small articles (such as ornaments and dolls), 
laenibers of lighting equipment, members of furniture, and 
design members of floor and ceiling, in the case where the 
dye of the invention is an image fbrming material, the term 
"image" as referred to herein includes not only images in the 
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narrow sens^ but also all of patterns by dyes tHat a p^son 
can acknowledge, such as abstract designs, letters, and 
geometric patterns. 

The outdoor decoration materials include wall materials, 
roofing materials, signboards, gardening materials, outdoor 
decorative small articles (such as ornaments and dolls) , and 
members of outdoor lightening equipment. In the case where 
the «iye of the invention is an image forming material, the term 
-image" as referred to herein includes not only images in t^e 
narrow sense but also all of patterns by <^s that a person 
can acknowledge, such as abstract designs, letters, and 
geometric patl;ems. 

in the foregoing plications , exan^les of media -on idiieh 
patterns are formed include various materials such as paper, 
fabrics, cloths (including non-woven fabrics), plastics, 
metals, an ceramics. With respect to the <|yeing mode, the 
pigment can be fixed by mordanting or textile printing, or in 
the form of a reactive dye having a reactive group introduced 
thereinto. Above all, it is preferable to undergo «^ing in 
the mordanting state. 



EXRMPIgS 



The invention will be described with reference to the 
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. following Examples, but it should not be construed that the 
invention is Ixmited thereto. 
(Rxftmple 1} 

Extrapure water (resistance: 18 MQ or more) was added to 
the following coiiiponents to make one liter, and the aiaeture 
was stirred for one hour while heating at from 30 to 40 "C. 
Thereafter, the reaction mixture was filtered in vacuo by a 
aiicrof liter having a mean pore size of 0.25 pm to prepare a 
yellow ink solution Y-101. 

[Foxmnlation of yellow ink Z-IOIJ 
(Solid components) 

Yellow dye {YI-S8) of the invention: 35 ^/i. 

Proacel: 
Urea: 
(Liijaid components) 

Iriethylene glycol monobutyl ether (TGB) : 100 g/i. 

Glycerin {GR) : 

Diethylene glyral (DE6) : 

2~Fyrrolidone : 

Triethanolamine (TEA) : 

Sttrfynol ST6 (SW) : 



5 g/I. 
10 g/l. 



115 g/L 
70 g/L 
35 g/£ 
8 g/L 
10 g/L 



Farther, a bladk <^e was added to the foregoing 
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formulation to prepare a dark yellow ink solution DY-lOl. 



2 g/i. 

5 g/L 
10 g/L 



[Fomtalation of dark yellow ink DY-lOl] 
(Solid components) 

Yellow dye (YX-58) of the invention: 35 g/i, 

Black dye (BL-l) : , 
Pcoacel: 
Unrea: 
(Ziiquid components) 

Triethylene glycol lUondbal^l ether (TGB) : 100 g/L 

Glycerin «SR) : 
Diethylene glycol (DEC): 

2-Pyxrolidone: . 

35 g/I. 

Trlethanolamine (XEA) : _ 

8 g/Ii 

Suxfynol STS (5R) : y, 

10 g/I, 

In contrast to these inks, yellow inks and dark yellow 
inks as coa«>arative <^es were pr^ared in the sai»e formulation 
as in T-101 or DT-lOl, exe^t for using the following two kinds 
of yellow dyes/blaek «%re X, and other <iyes of the invention. 

1) The oxidation potential of the yellow c^e (YI-SB) as 
used herein was 1.0 V (vs SCB) or more in any measurement method 
of the droRpiag mercury electrode method, the cyclic 
voltammetry (CV) method, or the rotating ring disk electrode 
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laethod using a 1 nmole/L aqaeous solutxon of the dye. The 
oxidation potentials o£ the three yellow Yi-Sl 
and YI-26) measured by the above-described CV method ranged 
from 1.03 to 1.05. Yellow Dyes <c). and (D) each have an 
5 oxidation potential below 1.0 volt (vs SCE) . 

The oxidation potentials of BL-1 , BL-2 and Dye X obtained 
bar siiailar meastir^ents were 1.28, 1.30 and 0.71, 
respectively . 

2) As regards the values of X(Aaax + 70 nm)/ KAiaaz) 
10 Eabsoxbanee ratio! for the yellow dyes used here. Yellow ISye 

(D) exhibited a value larger than 0.4, and Yellow Dye (C) less 
than 0.4. The [absorbanc=e ratios] of the other dyes are shown 
in the parentheses below. 

YI-58 (0.10), Yi-59 (0.11), Yl-51 (0.098), and Yl-26 
15 (0.10). 

3) The accelerated fading rate constants for the yellow 
ciyes are shown below. 

YI-58: 0.00085 

YI-S9: 0.00097 
20 YI-26: 0.00092 

Yellow Dye (C) : 0.072 

Yellow Dye (D) : 0.095 

As the references for ink con5>arxson, the yellow ink 

cartridge and the dark yellow ink cartridge for SM-9S0C of 
25 Seiko Epson Corp. were adopted. 
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Tbe combinations of the dyes described heretofore axe 
shown in the following table. 



(Table 7) 



No. 


Yellow dye 


Dye mixed in daric yellow ink 

t 


PM^SOC (Y, DY) (Comparison) 


• 


a 


T-ioi, Dt-101 pnvention) 


YI.58 


BL-I 


Y.102, DY-102 (Comparison) 


C 


BL-1 


Y-103. DY.103 (Comparison) 


D 


BL-1 


Y-104, DY-104 (Comparison) 


YI-59 


X 


Y>105,DY.105 (invention) 


Yl^ 


BL-1 


Y-106,DY-106(lmrention) 


YI-26 


BL-2 


Y-107, DY-107 Onv«ntion) 


YI-SI 


BL-1 



These inks were filled in the yellow ink and dark yellow 
ink csartridges of an Inkjet printer PM-950C manufactured by 
Seiko Epson Corporation, and the inks of 3eM^9SOC were used as 
other color inks. MbnoChroiaic yellow iaage patterns and gray 
iaage patterns whose concentration changed stepwise were 
printed. S^arately, the color tone of the ijnage was visually 
evaluated using a test image chart of ISO/ JIS 12640 . The image 
•as printed on inkjet p^>er photo glossy paper «Gasai" 
manufactured by Fuji Photo Fila Co. , ltd. as an image receiving 
sheet, thereby evaluating the image quality, discharge 
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properties of the ink, and image fastness. 
(B valuation ea^eriments) 

With respect to the evaluation of the image 
preservability , five samples of a portrait image were prepared 
and evaluated in the following manner. 

(1) Itith respect to the light fastness, an image was 
irradiated with xenon light (95,000 lux) for 7 days using an 
Atlas weatherometer and compared with a sample preserved in 
a dark room. As a resvlt, the saaple where a large failure 
was found as the image was defined as "A"; the sample where 
the portrait image was vigorously deteriorated was defined as 
"B'-; and the saa«>le where an entire failure was found as the 
image was defined as «C", respectively. 

(2) With respect to the heat fastness, the saa^le was 
preserved at 80 »C and at 70 % RH fox 10 days and evaluated 
in the same manner as described above. 

(3) With respect to the ozone resistance, the i>hoto glossy 
l>aper having an image fozmad thereon was allowed to stand in 
a box set up at an ozone gas concentration of O.S ppm for 7 
days and evaluated in the same manner as described above . The 
ozone gas concentration in the box was set up using an APPLICS 
ozone gas monitor (Model: OZ6-EM~01) . 

The results obtained are shown in the following table. 
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(Table 8) 



No. 


Light tetness 


Heat fastness 


Os Fastness 


PmsOC or, DY) (Comparison) 


B 


B 


C 


Y-101, DY.101 (Invention) 


A 


A 


A 


Y.102, DY-Ioz (Comparison) 


C 


B 


C 


Y-103,DY-103 (Comparison) 


C 


B 


C 


Y-104, DY<-104 (Comparison) 


B 


A 


C 


Y.IOS^ DY-iQS (Invention) 


A 


A 


A 


Y.106, DY-106 (Invention) 


A 


A 


A 


Y-107. DY-107 (Invention) 


A 


A 


A 

.1 



f oxmulae of the used ciyes axe shown b&low 




SOsU . 
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S03K 



Direct Yellow 1 1 
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It lias l3een nolied from the results of the foregoing table 
that the 6YsteBi9 using the Inks of the Invention are sixperlor 
in all of the perfozmances to those for cuxnparison . 

According to the invention, it is. possible to provide an 
ink^et dark yellow ink capable of giving an image having 
excellent image preservability even when exposed to 
high-concentration ozone. 

This application is based on Japanese Patent application 
JP 2002-333603, filed November 18, 2002, and Japanese Patent 
application OP 2003-386207, filed November 17, 2003, the 
entire contents of those are hereby incorporated by reference, 
the same as if set forth at length. 
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